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\ veling & Porter, Ltd., 
4 RocussTer, Kent, 
and 72, Cawwow Street, Lonpon. 
STEAM ROLLERS. 
STBAM CULTIVATING MACHINERY. 
STEAM WAGONS. TRACTORS 
OBMENT-MAKING MACHINERY. 5938 


A. G.  wntord [4 


| CULVER STREET WORKS, COLCHESTER. 





Ow APMIRALTY AND Wap Orrice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
. BOLLER FERBD PUMPS. 
See Advertisement, 29. 
} PATENT warenereR BOIL 
} UTOMATIC PRD REGULATORS, 
i lied to th 
And kalilo —— oro bo as supp . . 

(Figg Electrio, Steam. 

HYDRAULIC and HAND. 

all wen d sizes. 
GEORGE RUSSELL & OCO., Lrp., 

Motherwell, near Glas gow. 4986 
STEEL TANKS, PIPES, GASHOLDERS, &e. 
thos. Piggott & Co., Limited, 


IRMINGHAM. 
See Advertisement last week, page 83. 


pienty and Son, 
Lamiren. 
MARINE ENGINEERS, é&e. 
Newsury, Byo.ann. 9983, 
Locomotives. 

















ank 
Specification and Workmanship equal to 
9 Locomoti 


Main Line ives. 
R. & W. HAWTHORN, LESLIE & CO., Lep., 
ENGINEERS, Pemnseeie ee rm 4988 
R 


[Prop tampings 


} GARTSHERRIE ENGINEERING & FORGE CO. 
50. WELLIVeTON STREET, GLAsGow. 


(J 2s Engit Engines, Suction Plants, 


Tests and Reports. _Bx 
advice. “ Oe DAY DAVIS, M.1. Mech E., Great Hastorn 


oe, —— Telephones: Hast 1350; Stratford 
5A. : Rapidising. London. 1794 











Three Sizes, Delivery from Stock. 
NEW CAPSTANS, 1} in. through.the wire feed, 








JOHN MACNAB, Mary Sraeer, Hype. 
Tel. No.: 78 Hyde. 
THE WELL-KNOWN 


| . p Fine Red Nes Sand, 


i IRON, BRASS, ALUMINIUM. 


5319 





Apriy, 


Mansfield Sand Co., Ltd., 


MAN [ANSFIELD, NOTTS. 5175 


a | Piller, ‘Horsey, Sons & Cassell, 
wir wid 
SALE AND D VALUATION 
PLANT AND MACHINERY 


and 
4 ENGINEERING WORKS. 
, ll, BILLITBR SQUARE, LONDON, B.C. 


‘s incible (j2u8e (j lasses. 


BUTTERWORTH BROS.. Litd., 
fewton Heath Glass Works, 


Od 1834 








Od 9753 


ee 


ROAD LOCOMOTIVES |. 


c Y*on Launches, or Barges, 


New Chicago -Automatics, renewals, Best 


: arrow & Co., Ltd., 
a a mma AND BNGIN HERS, 
“seams SpuuDs UP TO 2 ri Maine Aw i ou. 
PADDLE OR STBAMBRS 0 


Exceptional Shallow x Draught. 


Turbines or iiitan 
Internal Combustion Engines. 


((ampbells & Her, 4. 


‘Gear Cutting. 


Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up to 3 ft. diam. 





DOLPHIN FOUNDRY, LEEDS. 4547 





— complete with Steam, Oi! or ry 
YOSPER & CO, Lrp., Broap Street, PortsmourTs. 


(Cochran ChOSS-TUBE TYPES. 
| Bowers. 
See page 84, last week. 





5020 





Q” FUBL APPLIANCES, 


PRESSURE, am, STram. 
For Boilers of ali types 
ewer gers LIMITED, 
5 a Street, 
verpool ; a! 
108, Fenchurch Bt., London. 


Naval Outfits «a Speciality. 


4078 





ocomotives Tank. Engines 


and vsriy 
an W. any | ComPady 4 bar a 
See their Illustrated me ae last week 





i an 
M WORE Sica Dy» saa undertaken for 


RO 
& RUSSELL, Lrp., ’s Wharf, Hammersmith 
N TENT — 
are toundertake articles 
ee en ne to hear 
firms desiring such 9911 





n: Gi ripoly ® 


MACHINE BELTING 


FOR 
Drivizg 


(jonveying 


Filevating 


Sore MANUFACTURERS ; 
L°*'s & Ty lor, Abe 


CARDIFF. 


. Lowpor. - MANCHESTER. Giaseow. 





a irate RET ae RR 


Tron and Steel 


Tete and Fittings. 







ound eee Street, Glasgow. 
; bn, Liv, 


> Scottish Tube Co. lad Ltd., 


eh Pom and Research 
ae aoe 


Lory. 


J ohn Bellamy, | ada 


MILLWALL, LONDON, 8. 
GENERAL CONSTRUCTIONAL Engineers. 1216 
Boilers, Tanks & Mooring Buoys 


STILL, PErnot TaN AIR aves, STEEL 
Cuimyeys, Riverrep and VENTILATING 
Pipes, Hoppers, Spxcian Work, Repatrs oF 
ALL KINDS. 


[Tubes, Iron and Steel. 
Edwin Lewis & Sons, “” 
148, Cannon St 'z.c. Wolverhampton. 








Glasgow and Birmingham. 


See Advertisement page 49. 


[ ™proved Hi 
NEWABLE DISC GLOBE VALVE. 


See our Advertisement in last week's issue, page 20. 
BRITISH STEAM SPECIALITIES, ix., 
Bedford Street, Leicester "3920 
the Glasgow Railay 
Engineering Compan 
ngine op a .? 
London Office—12, Victoria Street, 8. we 
MANUFACTURERS OF 
RALLWAX CARRIAGR | WAGON AND TRAMWAY 
CARRIAGE & WAGON I NWORKS, also 
CAST-STEEL AXLB BOXES. 5055 


P & W. MacLellan, Limited, 
* OLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION. 

RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 

Chief Offices : 129, Trongate, GLascow. Od 8547 
Registered “ffice: 1084, Cannon St., London, E.0. 


he Norman Thompson 
Flight Co., Ltd. @sro, 1900.) 


actors To THe ADMIRALTY. 
Seven ° ence 
in Design and Uourncies of Aircraft. 


“THE FIRM WHO GAVE THE FLYING BOAT 
TO THE NAVY.” 
ALL BRITISH BUILT. 


Address :—MiIpp.Leron, Boeror, i 
Telegrams—“ Soaring, Bognor.” 
P lant 


D redging 
FLOATING CRANES. COAL BUNKERING 
VESSELS. 


OF. ALL DESCRIPTIONS. 
Werf Conrad, soph. 
eee MARINE WORKS, Lrv., Fatars 
39-41, New Broan 8r., LONDON. B . 
See half-page last and nert week, 


4990 
h Pregpurelct 
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Stewarts and Loves, L* H 
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Reel Parewa 
W iater-Tube 








Tue Grascow Routine Sroox axp Piast 
'. MormerweEtu. 


unch and Shear 
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Levenrornp Works, 
See Full Page Advt 


[ete Metal 
POUT DELTA MTA 
Offices & Works: Hast Greexwicn, 


Taylor & Challen ” 


Presses. 


ailway . 

G witches and é : | 
(\rossings. iat 

tT. SUMMERSON & S0x8, LIMITED, 


and Photo 


racin 
aS and rakes EX BOU 


EST 
(Ometal Contractors to 
91, York Street, Weeks 


Msshce fete in Stoo = ne 


Toh tn, 














__Ohamber Iron Works, 
CHANTIBRS & ATELIBRS 


ugustin - pe: ie 
A ant Se fa 
Destroyers, a. 


Submarine 
some aoe 











Mechanics and Metals 


National Bank 
OF THE OITY OF NEW YORK 
EsTaBLisHep 1810. 


SOA TIN loan paces BRN 


This Beak seocives Accounts of Basie, Bantere, 
Firms and Individuals on favourable 
























Rubber 


GUTTA PERCHA & RUBBER, LIMITED, 
Toronto “+ - ‘Oanada, 












(Jentrifugals. 3 











Manchester Steam Users’ 


the Prevention of pee te Boller Explosions and 
Ane Attainment of 
. . 9, Moun? Street 
Bngineer : x B, sn M.LO.B. 
Founded 1 Fartrparen. 
Certificates of Gaiety 
lities paid ia tn of Cty Tingines 
in case 
tna Boilers Inept during construction. 


niversity of Manchester. 








EVENING rPemerenngy a CLASSES. 
n= oi on and La ‘Scro Classes will COM- 
0 MONDAY, OCTOBER 9th. 
tus, apply to the REGISTRAR. F 87 
ar MUNIOIPAL 
are of Technology 
4 ner or Mawonesrer). 
Speier: J. O. M. Ganwerr, uA. (late Fellow of 
Reinity College, Cambridge). 


, forwarded free on ion, gives 
A ene a the courses leading to Manchester 
a versity degrees in the Faoulty of Technology, in 


hong ere Sone aaertmcee: i— 


ELEOTRI CAL ENGINEER: 
SANITARY ENGINEERING (including Municipal 
THE OTTeMtOAL INDUSTRIES ncluding 
Drea, Chem: leaching, 
eing, 
and ‘te 


jeal Technology, 
g, Brewing 
THE TEXTILE IN 


Seated Paperm 
USTRIES 

PRINTING & PHOTOGRAPHIC TECHNOLOGY, 

MINING, 

AROHITECTURE, 


During the Session 1916-1917, First Year Courses 
to the requirements of 
to take Commissions in neat| , 


ICs. 


Polytechnic 


oa? . JOHN STREET, nine C. 


will be specially 


— who may 


NIC 


2th atone} 1916. Taese Ou Courses moyen Po periods 
spent in commercial workshops and extend over four 


They also pre for the B.Sc. in 
eering at the Unversity ee at 


IX THE MATTER OF THE TRADING WITH THE 
ENEMY ACT, 1916, AND IN THE MATTER OF 


“The Electrical Co., Lid. 


By order of Mz. MAURICE JENKS, F.C.A., 
(Mesers, Maurice Jenks, Percival & Co.), the 
Controller appointed by the Board of Trade. 
TO ELECTRICAL ENGINEERS; SUPPLY 
CONTRACTORS, DEALERS AND OTHERS. 


Wheatley Kirk, Price & Co. 


will 
OFFER FOR SALE BY PUBLIC TENDER, 
as detailed in Lots of Catalogue, 
THE ENTIRE STOCK 
of 
ELECTRICAL SUPPLIES, EQUIPMENT 
and 
ACCESSORIES 
at the Offices and Showrooms, 122/4, Charing Cross 
Road, London, W.C., and at the Warehouse at 
Richmond Mews, Richmond Buildings, Dean Street, 
Soho, London, W. 


The EXTENSIVE STOCK includes Generating 
Testing Plant, Motors, Arc and an ayy on 
mps, Fans, Cable, Insulators, Carbons, Sign 
Lights. Conduit Tubing, Field Coils, Meters, Test- 
ing Instruments, Swi ches, aud other Electrical 
Accessories in large quantities, and will be on view 
for two weeks commencing Monday, 2nd October, 
1916, from Ten a.m. to Five p.m. da’ ly. 


be obtained from ay ~ Coat 
a WHBA LEY 4 Ea PRIC 
Wecling Street, London, B and at yt eo a. 
and Newcastle-on-Tyne, or aks Messrs. MaURICcE 
Jewxs, Percival & thartered Accountants, 
6, Ola Jewry, London, B.C. 


Tenders must be sent in by noon on TUESDAY, 
OCTOBER 11th, 1916, to 
WHEATLEY KIRK, PRICE & CO., 
Selling Agents for the Controller, 
46, Watling Street, 
London, B.C. 


N.B.—The Controller, Mr. Maurice Jenxs, is 
repared to receive offers for the Trade and Business 
oanections as lately carried on by the above 


Time | Company. 


"Courses in all branches of this important departm 
aga (™ will be given in specially ul 
lecture rooms. An Aitchison 
’ ahtp adn £30) — be offered in this department at 
nee examination. 


788 
Pall’ mlars as to fees, dates, and all 
inf respec: the work of the Institute, 

- gan be obtained at the Institute or on application to 

' BR, MULLINBUX WALMSLEY, D.Sc., Principal. 

UNIVERSITY OF OF LONDON. 


/ Qchool of “Architecture. 


DAY ‘COURSES. 

og University School of Architecture at Univer- 

sity College es a thorough training for 
students wishing to enter the itectural fes- 
sion, as well as for those who have already had some 
experience. The Day Courses for the B.A. —— 
(Honours in Architecture) extend over three 

Course for the Col! Certificate in Aro! iteo. 
ture extends over two or three years. 

Students who take their degree, or who receive a 
- Pirst Class College Certificate, are exem from 
the Intermediate Hxamination of the Royal Insti- 
tute of British Architects. 

Special Courses at, 00 savenend students can be 
taken sity the Term or Sess 

EVENING CLASSES. 


ters’ Compa’ ny Evening Class in 
Suspended tet ‘or the yoo jon of the 

In the Department or Town PLANN:NG, con- 
Aucted under the direction of Professor 8. D. 
Apsuran, M.A., F.R.1.B.A., students can work in 

; the day or in the evening, or partly in both. Those 

' who satisfy the conditions may obtain a Certificate 
in Town Planning, ora Png tery A Diploma either 
in Town Planning and a in Town 








| Planning and Ci Bugineer 
‘ hah togeel 1816-1017 open pe EG OcropeR 
‘ 2p. ng further information 
apply alae 
; ‘Asean W, SETON, M.A,, D.Lar. ws 
Universit London 
(Gower Street W.C.). F 194 
cA National. Need. 
a BRITISH, SCHOOL OF ABRONAUTIOS. 
; and Deeagntemanahip. Complete Postal ’ 
i: Also. pre 1 
INGTONS 34. Oxtord Road, Macchester, 6807 
TENDERS. 
INDIA OFFIOB, W: wa 
 7HR SBORETARY OF STATE i INDIA} in 
UNCLL is prepared to 
enders from. *eubh 


F 139 








APPOINTMENTS OPEN. 


nstructor Required, 

Mechanical Engineering De 
known Technical Institution. Sa 20 to £200 
per annum. ee 


givi ful vo Ho of 
experience and qualifica tole al parton in the 
first instance, F 1380, Omicce ot of ENGUIVEERING. 


anted, bya Large Engineer- 

Firm, MANAGE posed new 
branch on ing in oll milling seschinal Must 
have good experience and connection, pom be com- 
tent to take charge of department.—Address, 
A31, Offices of ENGINEERING. 


A} Yorkshire Firm Commenc- 


ng the seat of shell re sona 
ANCY for an or ANT 





for 
_ by well 








xe seule havea V. 


Plant. Only men experienced in caste with gas 


ee ge plant, furnaces and hydraulic presses n 
ly. Applicants in shell : mg will be con- 
ered, subject to the conse’ their present 

employers.—Addrees, F 145, Offices of ENGINEERING. 


W anted, Man with Thorough 
knowledge of 
MACHINE TOOL MARKET 
PURCHASING “DEPARTMENT. 
Excellent opportunity for right man. 
Address, F 138, Offices of ENGINEERING. 








WOLVERHAMPTON UNION. 
CHIEF ENGINEER REQUIRED. 


Aveliceticos ex are Invited from 
ble for service i 
Navy for the POINTMENT of CHIRF™ N- 
GI R at. the Guardians’ Poor Law Institution, 
New Cross, Wolverham 
ndidates must be sufficiently args ho ont 
competent to take sole 
including steam boilers, uignting. plan 
laundry and other machinery, steam ey ting 
cold storage plant, and other 
institution. 
with house in 


fu 
forms to be obtained from my 
vered to me not later than first 








RNAGER, to take ye charge of ‘tbe Forging ba 
eed t 





863. No person ern- 


ment work will be employed. 


Productive En, Engineer, with 
actual foundry. sion. eepeeanen 
for centrifu al pa North 
England. system Se modern 
methods ceseatiat f © reply’ tat state age, education, 
No ag on ernment 


oan ‘our nearest, 
LABOUR BXCHANGS, quoting No. 2568, F 128 


a3 Des signer, with first-class 
ence, REQUIRED 


by Admiralty estab hment, for duration 
of the War. poe | ( ae a stating aes, 
ex uired, to 

BOX 763, care of py any .F. Ware. & Sov, Genl. 
Advng. Agents, 33, Fleet Street, B.C. F 156 


(jement Works Chemist 


WANTED to take control of a new factory in 
Australia. Liberal terms to really. first-class man. 
ae CEMENT,” care of Srreets, 30, a 





mp P menatactare 











atefixer and er oo 

capable and experienced for controlled Motor 

Car Factory in the North. Must be practical man 
and conversant with baying ne same ge ea 

oduction. No m on Government work will 

engaged. tate all particulars and sa 

required, to an nearest LABOUR EXCHANG 

mentioning Journal and quuting No. A 2333. F 93 


rawin Office Chief.— 








Manchester district.—A Mechanical and 
pants En a Firm WANT a first-class 

AN to take o' rawing Office. Specialities 
—Mlecteical mans — Lifting Appliances. Good 
salary and permanent position. 

Write or a er A in first instance r nearest 
BOARD O RADE oe Ye XCHANGE, 
mentioning this Journal and F 
Dughtsman, Senior accus- 

to design of jigs and tolls must have 
good shop: experience. 
work need apply. 
age, salary 
commence, to sour nearest LABOUR raceme i 
mentioning this Journal and No. A 2314. PF 3i 


[)t2ughtsmen and Designers. 


—Several geek POSITIONS are VACANT in 
the works of é precision engineering and motor 
ml ——_—- g concern, Applications are 

ly desired from incapacitated soldiers of 
a table pre-war experience. Neo m on Govern- 
ym Loan gible men not on 


ment work will be 

war work are also in’ ly, stating experi- 
ence, salary uired, Sat, te when able to 
commence.—Apply, yo A 2968 nearest LABOUR EX- 
CHANGE, qu E 997 


(“atalogne Work. — Wanted 


for Manchester, neat Engineer POALAETS- 
MAN who can devise and prepare a ents 
and section drawings for zinco work. One preferred 
who can write up and edit text and generally put 
ed new catalogue, State age, experience and 
sa required. No person already employed on 
Government work will be en .—Apply, your 
nearest oy ghd EXCHAN mentioning t 
Jourhal and F 133 


‘Wanted, Three acatiaceld 


bard conversant with either Blast 
Furnace or Steel actice, for large Govern- 
ment controlled Iron and Steel Works on the North 
est Coast. Permanency to suitable men, — 
lications should be forwarded to the nearest 
OUR BXCHANGE, quoting No. A 23822, 
Draughtsmen already engaged on Government 
work cannot be engaged. F 


ay A few Good Mechanical 
DRAUGHTSMEN REQUIRED by 
Admiralty establishment, for 


e duration 
of the War.—Reply aiary ad only), ——- “ee, 
experience, present sa an gs a ge 
BOX 761, careof Messrs. Ware ow, 
Genl. Advng. Agents, 33, Fieet Strest, BE, C. *e 155 


Wanted, a Steady Intelligent 


DRAUGHTSMAN, accustomed to general 

enmaeuing work, Ineligible. No person already 
m ployed on Government work, nor residi 

10 mile radius, can be en; Please write, with 

tall particulars, e, a lary required.—Address, 


No man on Government 
rcnel’ stating qualifications, 
and earliest date can 




















rau Sinan, Competent, 
WAN _ ae tee to small marine details, 
Good salary. N on Govern- 
ment ‘will be sas_ApRO, : Jase y nearest 
R EXCHANG ournal 

and F ih, 


anted,J apa rer 
to 
bec 


rienced 


accustomed 





letter, sta oi 

this Journal and Yi 116. BECHARGH, 
" on 

work need not apply. 


anted,Several 


LADY TRACERS. Only 
class mechanical 


ec vencmalle, radius can 


PWITH AVIATION 





oo nee Coe 





dry Foreman Wanted, b 
large firm in “ 
eee 





Hal Sesttione Oe 3 


tone, 


sae Pyroagh 





age and wages 
No man at present on Government 
work need apply. F 161 


ROYAL TBCHNICAL INSTITUTE, 
SALFORD. 
Principal.—B. A. PRaweson, D.Sc. 
MECHANICAL ENGINEERING WORKSHOP, 


W anted,Immediately, Skilled 
BENCH « ae LATHE HA Ds; teaching 

axpertenss ndation, For further 
cu mae Bey to the othe PRINCIP PAL. ies 
L. C. EVANS, Town Clerk, Salford. 


Waated, a Driller for India. 


Must have knowledge of Calyx Machine 
and Diamond Boring. Ineligible for y. Free 
passage out and home. Agreement three 
—Application with full particulars of ex: ence, 
stating age, “Cornhtlt no to “RB. B.” care of 
Sreeet’s, 30, Cornhil F 168 


W Sos: Educated Russian 


MEN, with knowledge of English ; prefer- 
ence given to those with Engineering experience. 
State a 4 po aor am No one on Government 
work wil pply. your nearest LA- 
BOUR EXCHAN EB, quote No. A 2318. F 6s 


Engineering g Pupil.—Vacancy 


with Firm (Government Contractors) manu- 
facturing latest t: of ees a all and e 


ph ot moderate premium.—Address, 
A eers, 

















of ENGINEERING. 
ING for a 


Large Firm of E 
in me Midlands, have an OP: 

YOUTH of good education as — pupil, the 

course to include both works and dra office.— 

Address, 4359, Offices of EnaInzxnrtne. 








SITUATIONS WANTED. 


Metallargist and Steel 


Manager, OPEN for ENGAGEMENT. 
Thorough wm ll men and theoretical training, 15 
age encein all branches of steel manufacture 
Debadling | Siemens Martin ess for guns, armour 
lates, forgings, castings, » crucible for 
nigh and carbon steels, electric furnace for 
h carbons and alloy steels, also stock converter, 
mikiog castings, Excellent testimonials. 
Good reasons for desiring a, change, and free to 
accept position, Would consider partnership.— 
Address, M. S. M., care of WimiMore’s, Chiswell 
Street, London, B.C. F 104 


usiness Man (42), Mechanical 

and constructional! experience, used tohandlin 

men in building, constructional, and mechanica 

operations, thorough knowledge of internal 

combustion engines, construction, repairs, and 
installations, experienced in V bottom boats 
ble POSITION with 

. care of F. Dopsow & Co,, 

Vancouver. B.C 








during 
kers, 
F 98 





a Froundry Manager, Just Re- 


har soon from abroad, SEEKS SITUATION. 
Fin. experience. Fxcellent references. —Address, 


of ENGINEERING. 


Engine pe acer 
timates, corres ence, UIRES 


—_ REQ 
POSITION in managerial capacity.—Address, F Ml, 
fiices of ENGINEERING. 








echanical. and Electrical 

jeer, several years Works Foreman, 

building , oll, and steam also marine 

repairs. Used to thecontrol of men. pagineer and 
= geen at power station for the last 10 years 

FF ore e, married. Excellent veterences. 

we AKE a POSITION at Home or the Colonies. 

Address, F 142, Offices of ENGINEERING. 





practical En we (ineligible) 


ce and 


Address, F 1 
TRADE WITH ITALY AND SPAIN. 


Belgian Civil E Engineer, over 


spankin tery gee well od owed in of Speuish 


REQUIRES TRPPOINTMENT to. travel in fo Spain 
tre Aster "ion a tee rm. 


‘Offices of ENGINEERING. 





Your Engineer, A.M. Inst. 
mii “say copay ones, De DESIRES 
es and on gy phe ac oF practical eal erintog 
Breparea soggy de apes wor on Se 
ughtsman (25), Construc- 
arin vo We Steelwork, shortly a fh wn panes 

mineell known ‘London fk firmh,—Address, F 157, 








Address, 








Wanted, to Place Youth as 
1 VV with ot 
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HIGH-POWERED LOCOMOTIVES FOR 

THE PENNSYLVANIA RAILROAD. 

(Continued from page 246.) 

Tue valve gears of both “K4S” and “L18” 
classes of engine are of the Walschaert type and are 
practically identical except as regards the arrange- 
ments for connecting the lower end of the lap and 
lead lever to the crosshead. This difference in this 
respect is due to the difference in the designs of 
the crossheads used, and it will be at once under- 
stood on reference to Figs. 166 and 167, on page 256 
of our issue of the 15th inst. In these views photo- 
graphs of the front portions of the two classes of 
engine are reproduced. 

The gear as fitted to the “‘K 4S” class is shown 
in detail in Figs. 168 to 171, on Plate XXVI, all the 
chief dimensions being given. From these views 
it will be seen that the parts have been made as 
light as is consistent with the requisite strength. 
On account of the restriction placed on the design 
of these engines to the effect that the maximum 
weight desired per pair of wheels was 65,000 lb., 
with an absolute limit of 5 per cent. in excess 
of this figure, and a maximum vertical component 
of the unbalanced force of the reciprocating parts 
not exceeding 30 per cent. of the static load on rail, 
a special effort was made to keep the moving parts 
as light as possible. The result of this effort has 
been the development of parts of an “E68” 
engine (a class with which we shall deal later) of the 
weights given below, similar results being obtained 
for the “‘K 48S” and “L118” classes :— 

Lb. 


408} 


Piston and rod complete 
313 


Crosshead and pin ove ose pee 

Piston valve complete (excluding valve 
stem) ... ove eee ase one 

Valve-stem crosshead 

Lap and lead levér So 

Lap and lead lever connector ... 

Radius rod oo 

Eccentric rod 


119 
22 
334 
ll 

119 
49 
444 

720 

eee ° 417 

The reversing gear is of the screw type and is 
shown in detail by Figs. 172 to 174, on Plate XXVI. 
This pattern of reversing gear is now standard on 
the Pennsylvania Railroad for modern locomotives 
in road service. It has been found quite satisfactory, 
the only trouble experienced being due to the wear 
of the nut. The end thrust of the screw is taken 
by a roller bearing. 

In Figs. 175to 180, on Plate XXVIL, are given views 
of one of the main coupled wheels of the “L118” 
class. The wheelsare of caststeel and the chief dimen- 
sions are givenin the viewsnamed. The design of the 
balance weight is noticeable. It will be seen that 
it is cast hollow with one face open so that the 
cavity can be thoroughly cleaned out. Subsequently 
the cavity is filled with molten lead, which is 
hammered in after the lead is cool so that the 
cavity is completely filled. The top of the counter- 
balance is then dressed off and a steel cover-plate 
riveted on. In some cases it has been found 
desirable to include on the cover-plate a heavy 
ledge, which adds to the counter-balance in wheels 
otherwise deficient in this respect. This type of 
counter-balance has been in use on the Pennsylvania 
Railroad for some time, with satisfactory results. 

The crank-pins of all the locomotives under 
notice are made hollow, both to reduce the weight 
and to provide better opportunity for heat treat- 
ment. The crank-pin corresponding to the wheel 
above dealt with is shown in Figs. 181 to 186, on 
Plate XXVII, together with the return crank fitted 
to it. The crank-pin is 9 in. in diameter where it 
enters the wheel boss, and also at the inner bearing, 
while the outer bearing is 8 in. in diameter. A hole 
4 in. in diameter extends the greater part of the 
length of the pin, the diameter of the hole for the 
rest of the length of the pin being reduced to 2} in. 
The hole in the wheel boss receiving the pin is 
parallel except for the inner } in. of its length, 
which is very slightly bell-mouthed, and the pin is 
secured by riveting over the end, as indicated in 
Fig. 186. In this figure the left-hand view shows 
the form of the end of the pin before, and the right- 
hand view after, riveting. The boss of the return 
crank, it will be noticed, is cut through on one side 
80 as to give a spring fit to the end of the crank-pin, 


Return crank as 
Connecting rod ... 
Side rod ... ; 


the desired grip being obtained by tightening up | alloysteel, it is stipulated that the steel shall be made 
the bolt shown. The loose collar and bush for the | by the open-hearth process or other process approved 
pin of the return crank are shown in Figs. 184 and | by the General Superintendent of Motive Power and 





185. The return crank is a drop forging and heat- 
treated. 

With regard to the efficiency of these hollow | 
crank-pins the photographs reproduced in Figs. | 
187 to 190, on Plate XXVII, are interesting. These | 
photographs show a main crank-pin of the pattern 
above described, which was damaged owing to a con- 
necting-rod brass breaking while an ‘““E6S” type 
engine was running at a speed of about 70 m.p.h. 
Fig. 187 includes two general views of the damaged | 
pin, while Fig. 188 more clearly indicates the effect 
of the hammering of the connecting-rod and the | 
resulting flow of metal. Fig. 189 is a sectional view 
showing that the pin has been bent }§ in. and also | 
indicates the quality of the metal at different points | 
in the pin. Fig. 190 shows a cross-section of the pin 
at the middle of the connecting-rod bearing, portions 
which were removed for test purposes not being 


TaBLe I.—Composition of Steel Billets. 


Alloy Steel. 


Carbon 
Steel. 


Elements considered. 
Chrome 
Vanadium. 


Chrome 
Nickel. 


Carbon 

Manganese 

Silicon - os 
Phosphorus, not over 
Sulphur oe 
Nickel 
Vanadium. we 
Chromium, not over. . 


8 ..| 0.40 | — 
iP | 0.15-0.25 
| 0.80-1.10 


0.30 0.69-1.00 





that the billets shall be made from ingots having 
at least four times their sectional area. Further 
the chemical composition of the billets is required 
to conform to the particulars given in the annexed 
Table I. 

In the case of annealed carbon steel forgings 
made from the billets above mentioned it is stipu- 
lated that the minimum capacity of the hammer 
used in their manufacture shall be for forgings 
having the maximum diameters or thicknesses 
named, as follows :—For forgings up to and including 
74 in., 8,000 Ib. hammer; for forgings over 7} in. 
to and including 10 in., 10,000 Ib. hammer ; and for 
forgings over 10 in., 12,000 Ib. hammer. The 
steel must also conform to the minimum require- 
ments as to tensile properties given in Table II. 

For quenched and tempered carbon steel forgings 
the requirements as regards the weight of hammers 
used in forging are the same as those given above 
for annealed carbon steel, but the chemical com- 
position required is slightly different and is as 
follows :— 

Per cent. 
0.40-0.55 
0.40-0.70 
0.10—0.30 
0.05 
0.05 


0.30 
0.40 


Carbon be 
Manganese ... 
Silicon ies ans 
Phosphorus, not over 
Sulphur 

Chromium 

Nickel 


The minimum requirements as to tensile proper- 
ties demanded for this class of steel are given in 
Table III annexed, and unless otherwise specified 


Taste Il.—Tensite Properties or ANNEALED Carbon Steet ForoGrInGs. 





Tensile 

ee 

Lb. per sq. 
i 


Not over 8 in. .. 80,000 


Over 8 in. to 12 in. inclusive 80,000 


Over 12 in. to 20 in. inclusive 80,000 


0.5 tensile strength { 





Elongation in 2 in. 
er cent. 


Reduction of Area. 
Per cent. 


Yield Point. 
Lb. per sq. in. 


Ratio. Ratio. 


Not under. Not under. 


1,800,000 
Tens. str. 
1,725,000 
| Tens. str. 
S 1,650,000 
\ Tens, str. 


2,800,000 
Tens. str. ag 


Tens. str. 
2,400,000 
Tens. str. 


30 
}\ 
i 28 


TaBre III.—Tensitte Properties OF QUENCHED AND TEMPERED CARBON STEEL ForGInas. 


Tensile 

Strength. | 

Lb. per sq. | 
n. 


Size. 


Up to 4 in. in outside diameter or 
thickness ; 2 in. max. wall 
Over 4 in. to 7 in. in outside diameter 
or thickness ; 3} in. max. wall 
Over 7 in. to 10 in. in outside diameter | | 
or thickness ; 5 in. max. wall j 


} 90,000 
t 85,000 


85,000 


Shown. In Fig. 189 the letters A and B denote the | 
location of microphotographs which were prepared, | 
While the lines numbered 1, 2 and 3 show the} 
positions from which test pieces were taken. The 
results of the tests were as follows :-— 


No. 1. No. 2. 

Elastic limit, Ib. per sq. in... -.| 60,440 | 66,620 
Ultimate strength, lb. per sq. in. ..| 98,310 | 
Elongation, per cent. in 2 in. ea 29 | 
Reduction of area, per cent. 56.9 | 


66,150 
112,470 112,730 
26 27 


48 50.8 


Another example of the damage done to a main 
crank-pin by the breakage of a connecting-rod brass 
on an “E68” locomotive when travelling at a 
high speed is illustrated in Figs. 191 and 192 on | 
Plate XXVI. These photographs and those referred | 
to above as a whole certainly indicate clearly the | 
high qualities of the material used for these crank- | 
pins and the efficiency of their heat treatment. 

It may be of interest to give here the chief | 
characteristics of the steel used by the Pennsylvania | 
Railroad Company for their locomotive parts. For | 
billets used in the manufacture of axles, crank- 
pins, main and side rods, piston rods and similar | 
details from annealed carbon steel, quenched and 
tempered carbon steel, or quenched and tempered | 


Elastic Limit. | 
Lb, per sq. in. 


55,000 
50,000 


50,000 


i 
Elongation in 2 in. 
er cent. 


Reduction of Area, 
Per cent. 


Ratio. Not under. Ratio. Not under. 


2,100,000 \ 


Tens. str. |/ 
2,000,000 |} 99.5 {| 


} 19.5 {| 


axles, shafts and similar forgings are also given an im- 
pact test on a drop test machine with supports 3 ft. 
apart. The conditions imposed are :—The forging 
shall be struck two blows by a tup weighing 1,640 


4,000,000 
Tens. str. 
3,800,000 
Tens. str. 
3,600,000 
Tens. str. 


20.5 { 


| ‘Tens. str. 
| 1,900,000 
| ‘Tens, str. 


|or 2,240 lb. falling from heights proportioned 
'according to the subjoined formula, the forging 


being turned through 90 deg. after the first blow. 
The formula, in which D = diameter of forging at 
centre in inches, is as follows :— 


Height of drop in feet = 0.01 D5 for 1,640 lb. tup. 
” = 0.0073 D5 for 2,240 lb. tup. 


In the case of carbon steel billets used in the 


” 


|manufacture of various parts requiring a case- 


hardening treatment the steel is desired to have 
the following composition :— 
Per cent, 
Carbon ... 
Manganese eve ése 
Phosphorus not above 
Sulphur 


For the determination of the composition sample 
slabs are analysed according to the Pennsylvania 
Railroad standard methods, and material is taken 
from each sample slab as follows :—Diagonals are 
drawn across the cut-off end of the slab and a 
drilling taken on any diagonal at a point half-way 
between the centre and a corner, a § in. drill being 
used. The material represented by any sample 
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is rejected if the analysis of the boring taken at the 

point named shows :— 

(a) Carbon below 0.15 per cent. or above 
0.25 per cent. 

(b) Manganese below 0.30 per cent. or above 
0.50 per cent. 

(c) P horus above 0.05 per cent. 

(ad) Sulphur above 0.05 per cent. 


~--- 5/e%- 


= Fig. 193. 
a 








cr 
' 
‘ 
1 


r 
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The sample slabs above referred to are obtained as 
follows :—If any delivery of steel represents a single 
melt of 10,000 lb. or less one billet is selected at 
random and a slab | in. thick is cut from the end. 
If the melt represented is over 10,000 Ib., but less 
than 20,000 Ib., samples are taken from two billets, 
and above 20,000 lb. a sample is taken from an 
additional billet for each increment of 10,000 Ib. in 
the weight of the melt. 

As stated at the commencement of these articles, 
and as shown by Figs. 1 and 5 on pages 98 and 
99 ante both the classes of engine we are describing 
are fitted with trailing trucks supporting the fire-box 
end. In our issue of February 26, 1915, page 249, 
we discussed the effect on American locomotive 
design effected by the introduction of the trailing 
* in main line practice, and later, in a short series of 
articles,* we gave an account of the chief types of 
such trucks in use in the United States. Amongst 
these we described and illustrated in full detail in 
our issue of June 25, 1915, page 701, the present 
standard trailing truck of the Pennsylvania Rail- 
road, that being the truck fitted to the two types 
of locomotive with which we are now dealing. This 
being the case, it is unnecessary for us to repeat the 
description here. 

At the leading end the “K 4S” type of engine 
is fitted with a four-wheeled truck of the pattern 
which we fully described and illustrated in our issue 
of July 30, 1915, page 108, when we also explained 
the system of equalising the loads between the 
truck and the leading pairs of coupled wheels. The 
springs of the central and rear pairs of coupled 
wheels are also connected by equalising beams, 
while the loads of the hind pair of coupled wheels 
are further equalised with the trailing truck. In 
the case of the “L118” type of engine the front 
end is carried on a two-wheeled truck, and the load 
on this truck is equalised with that on the first and 
second ‘pairs of coupled wheels. The springs of 
the third and fourth pairs are equalised with the 


* Vide Enorneerra, vol. xcix, pages 621, 650 and 701. 














trailing truck, as in the case of the ‘““K 48S” type. 


frames, however, and the short distance between 


We may mention here that according to Pennsyl- | their tops and the boiler, the two brake.cylinders 
vania Railroad practice the springs are designed | could not be placed side by side, as is the standard 


so that the plates are straight when free from | practice. 


One cylinder, therefore, is placed 


load. The springs have thus a reverse curvature | horizontally and the other vertically, as shown in 


when under working ¢éonditions. 
The steel used for plate springs by the Pennsyl- 


| Fig. 193, the pistons being connected to cylinder 
| levers of proper design to act on the same fulcrum 















































Fig. 197. e'> 
{rt 
iT | 
| 3 = AZ. 
BAS al tee 



































--1 0m —*-10 ig -4 











(€802.™) 


vania Railroad Company is desired to have the 
following composition :— 


Per cent. 
Carbon dae wie 1,00 
Phosphorus, not above... 0.003 
Manganese, not above ... 0.25 
Silicon, not above 0.15 
Sulphur, not above 0.03 
Copper, not above 0.03 


Springs, however, are accepted if on analys’s the 


steel of which they are made contains not less than | 


0.90 per cent. and not more than 1.10 per cent. of 
carbon and the other constituents do not exceed the 
following amounts :—Phosphorus, 0.05 per cent. ; 
manganese, 0.50 per cent. ; silicon, 0.25 per cent. ; 
sulphur, 0.05 per cent. ; and copper, 0.05 per cent. 
In Figs. 193 to 197, annexed, we illustrate 
the brake gear fitted to the ‘“ L.1S”’ type of engine. 
On such heavy locomotives it was found desirable 
to apply two driver’s brake cylinders 16 in. in 


diameter, thus maintaining a proper ratio between 


the brake-cylinder pressure and the shoe 


pressure 
on the wheels. 


On account of the size of the 











|shaft. This arrangement which, with the other 
| details of the brake gear, is clearly shown in our 
‘illustrations, has been found entirely satisfactory 
| and quite convenient from a repair standpoint. 


(To be continued.) 





Tue Institution oF MunicipaL anp County EN- 
GINEERS.—On Saturday, October 7, there will be a 
meeting of the Institution at Watford, at 11.30 a.m. ; 
a paper by Mr. D. Waterhouse on “ The New Water 
Supply and other Municipal Works at Watford ”’ will be 
taken as read, and discussed. In the afternoon the 
members will visit the new pumping station and softening 
works and the sewage pumping station, destructor and 
electricity works. 





American Borter Inspection.—All steam boilers 
in Pennsylvania carrying pressure greater than 15 lb. 
per square inch are to be thoroughly inspected every year 
under working conditions, aene-psrry | to rules made 
recently by the Industrial Board of the Department of 
Labour and Industry. Boilers subject to inspection 
under federal laws are exempted from inspection, as well 
as boilers on automobiles and fire engines brought into 
| Pennsylvania for temporary use. Boilers carrying leet 
| than 15 Ib. square inch pressure must be err 
| with safety devices approved by the Industrial Board. 
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THE BRITISH ASSOCIATION. 
(Continued from page 276.) 
SECTION A.—MATHEMATICAL AND PHYSICAL 
SCIENCE. 

Tue proceedings of Section A quite maintained 
their high level, though the meteorologists had to 
completely absent themselves, and several of the 
members whose participation in the discussions was 
anticipated in the provisional programme, issued 
on the first day of the meeting, were finally pre- 
vented from attending. Among these latter were 
Professor G. E. Hale, from the Mount Wilson Obser- 
vatory, California, and Mr. J. Evershed, from the 
Kodaikanal Observatory, India. The list of papers 
was not long, but it required three morning 
sittings and two afternoon sittings (once in 
two departments) to dispose of them. The dis- 
cussion on Gravitation dealt with fundamental 
problems in a thoroughly instructive manner. 

The Section met in the Trinity Presbyterian 
Church Rooms under the presidency of Professor 
A. N. Whitehead, Sc.D., F.R.S., of the Imperial 
College of Science, South Kensington, who did not 
waste time on merely complimentary votes of 
thanks. The Vice-Presidents were: Sir Frank W. 
Dyson, F.R.S. (the Astronomer Royal), Professor 
T. H. Havelock, F.R.S., of Newcastle, and Sir 
Ernest Rutherford, F.R.S. The Secretaries: Pro- 
fessor A. S. Eddington, F.R.S. (of Cambridge 
Observatory, Recorder); Drs. H. R. Hassé and W. 
Makower, M.A., of Manchester University; A. O. 
Rankine, of University College, London; and 
G. M. Caunt, M.A., of Armstrong College. 


THE ORGANISATION OF THOUGHT. 


The remarkable address delivered by Professor 
A. N. Whitehead, probably has, in the strict sense, 
no predecessor in the annals of the Section. In the 
breadth of the lines of thought it recalled the 
addresses of Professor Horace Lamb at Cambridge 
in 1904 and Professor Poynting at Dover in 1899. 
“There are very few mathematicians in this 
country,” Major MacMahon remarked, in proposing 
the vote of thanks to the president of the Section, 
“competent to comment on this address by one 
of the deepest thinkers in the country, and even to 
mathematicians the symbolism of those few is a new 
alphabet.’’ Such an address must be studied; it 
will be very difficult to outline its arguments. 

The subject—the organisation of thought—Pro- 
fessor Whitehead said, was a topic evidently capable 
of many diverse modes of treatment. It was no 
accident that an age of science had developed into 
an age of organisation. Organised thought was the 
basis of organised action, organisation the adjust- 
ment of diverse elements so that their mutual 
relations might exhibit some predetermined quality. 
An epic poem, in the unlikely event of its being a 
good epic poem, was a triumph of organisation. 
Science, the organisation of thought, had two 
souréés, neither more noble nor intrinsically more 
interesting than the other: the practical source, 
the desire to direct our actions to achieve pre- 
determined ends, and the theoretical source, the 
desire to understand. Both sources existed in all 
men. The importance, even in practice, of the 
theoretical side of science arose from the fact that 
action must be immediate and took place under 
circumstances which were excessively complicated. 
“If we wait for the necessities of action before we 
commence to arrange our ideas, in peace we shall 
have lost our trade, and in war we shall have lost 
the battle.” 

What was the actual world for the purpose of 
science ? Science had not to wait for the termina- 
tion of the metaphysical debate to determine its own 
subj ect-matter; it had a much more homely starting- 
point. The panorama yielded by sight, sound, taste, 
smell, touch and by more inchoate sensible feelings 
was the sole field of its activity, and in this way 
science was the thought organisation of experience. 
The most obvious aspect of this field of actual 
experience was its disorderly character. It was for 
each person a continuum, fragmentary, and with 
elements not clearly differentiated. “I insist on 


constructing a philosophy of science. This fact is 
concealed by the influence of language moulded by 
science, which foists on us exact concepts as though 
they represented the immediate deliverances of 
experience. The result is that we imagine that we 
have immediate experience of perfectly defined 
objects implicated in perfectly defined events which 
happen at exact instants of time in a space formed 
by exact points, without parts and without magni- 
tude: the neat, trim body, exact world, which is 
the goal of scientific thought. The question 
I invite you to consider is : How does exact thought 
apply to the fragmentary, vague continua of 
experience. I am not saying that it does not apply, 
quite the contrary. I emphasise two 
points. In the first place, science is rooted in the 
whole apparatus of common-sense thought. That is 
the datum from which it starts and to which it must 
recur. In the second place, neither common-sense 
nor science can proceed with the task of thought 
isation without departing in some respect 
from the strict consideration of what is actual in 
experience. . Science is essentially logical, 
a permanent record of premises, deductions, 
conclusions verified all along by its correspondence 
with facts. It is untrue that when we know the 
premises we also know the conclusions.” 

Proceeding, Professor Whitehead discerned four 
departments or sections of logical theory, which he 
called the arithmetic section, the algebraic section, 
the section of general-function theory, the analytic 
section. He did not mean that arithmetic arose in 
the first section, algebra in the second, &c.; the 
names were suggestive of certain qualities of 
thought analogous to arithmetic, &c. The first 
section dealt with the relations of definite proposi- 
tions to each other as arithmetic dealt with definite 
numbers. ‘Consider any definite proposition, call 
it ‘p. There is always another proposition, the 
direct contradictory to‘ p’; call it ‘not-p.’ When 
we have two propositions, p or g, we can form 
derivative propositions from them and from their 
contradictories. We can say: at least one of p or g 
is true, or perhaps both. Let us call this proposi- 
tion ‘ p or qg.’ We have thus got hold of 
four new propositions, namely p or qg, not-p or qg, and 
p or not-qg, and not-p or not-g.” Calling these the set 
of disjunctive derivatives of the original four 
propositions (p, not-p, g, not-q), Professor Whitehead 
obtained eight propositions and so on, any of which 
might be true or false. The first section of logical 
inquiry was to settle what was known of their truth- 
values when the truth-values of some of them were 
known. 

In the aJgebraic section, he continued, symbols 
or letters were standing for any numbers; they 
were called variables or parameters and were un- 
determined unless the algebraic conditions which 
they satisfied implicitly determined them. The 
proposition: ‘‘the specific heat of mercury is 
0.033’ would be definite and, with certain limita- 
tions, true. Tosay: ‘the specific heat of x is 0.033” 
was not a proposition, but had been called a pro- 
positional function by Russell. Generalising further, 
it would be: the specific heat of x is y, and we 
should have a propositional function F (x, y) of two 
arguments x and y. Considering only / (x), there 
would be a range of values of x for which f (x) asa 
proposition was true or false. For values of x 
outside this range / (x) would not be a proposition 
at all, and would neither be true nor false. For 
instance, to assert: ‘the specific heat of water is 
0.033 deg.,”” was false; to say: ‘the specific heat 
of virtue is 0.033,” would not be a proposition at 
all, and neither true nor false, though it might raise 
various associations in our minds. In pursui 
these arguments further, Professor Whitehead 
referred to the brillant work on the theory of types 
by the Hon. Bertrand Russell (co-author with 
Professor Whitehead of the Mathematica Principia), 
and to the logical variables of Frege and of Peano. 

We cannot attempt to follow Professor Whitehead 
through his characterisation of the third logical 
section, the stage of general-function theory, and the 
fourth analytic stage, which, he explained, included 





the radically untidy, ill-adjusted character of the 
fields of actual experience. To grasp this funda- 
mental truth is the first step in wisdom when 


| address. But we will refer to some of his concluding 


the whole of mathematics, developed from the 
concepts of class and correlation. He had himself 
to confine himself to the briefest. outline in his 


remarks. What were the points composing space ? 
According to Euclid they were without parts and 
magnitude. But our knowledge of space properties 
was not based upon any observations of relations 
between points; it arose from experience of 
relations between bodies. Now a fundamental space 
relation between bodies was that one body might 
be part of another. We were tempted to define the 
“whole and part” relation by saying that the 
points occupied by the part were some of the points 
occupied by the whole. But whole and part being 
more fundamental than the notion of point, that 
definition was cirsular and vicious. Professor 
Whitehead suggested the following consideration, 
though it would be unessential to his general argu- 
ments if he were mistaken. ‘‘ We have come to 
the conclusion that an extended body is nothing else 
than the class of perceptions of it by all its per- 
cipients, actual or ideal. The perceptions of a part 
of a body are among the perceptions which compose 
the whole body. Thus two bodies, a and 6, are both 
classes of perceptions ; and b is part of a when the 
class which is b is contained in the class which is a. 
It immediately follows from the logical form of this 
definition that, if 6 is part of a, and ¢ is part of b, 
then c is part of a. Thus the relation ‘ whole to part’ 
is transitial. Again, it will be convenient to allow 
that a body is part of itself. This is a mere question 
of how you draw the definition. With this under- 
standing, the relation is reflexive. Finally, if a is 
part of b and bis part of a, then a and b must be 
identical. These properties of ‘whole and part’ 
are not fresh assumptions, they follow from the 
logical form of our definition.” 

We confess we feel perplexed, But since Pro- 
fessor Lamb, who seconded the vote of thanks, 
admitted that he had not hoped to follow much of 
the discourse, such confessions are hardly called for. 
Professor Lamb further questioned whether a state- 
ment like “the specific heat of mercury is 0.033” 
could be called true; we could only say that some- 
body had asserted it. 


GRAVITATION AND RELATIVITY. 


The discussion on ‘“ Gravitation” was opened by 
Mr. E. Cunningham, of St. John’s College, Cam- 
bridge, in a masterly discourse. We have ventured 
to add Relativity to the title, because the discussion 
touched very largely on the latest generalisation of 
the principle of relativity.* Mr. Cunningham 
pointed out that the enunciation of the law of 
gravitation and the birth of the science of dynamics 
were inseparably related. Yet while Newtonian 
dynamics had been the guiding principle in physical 
thought during the two centuries behind us, little 
more was known of gravitation now than Newton 
knew. Gravitation had eluded investigation and 
analysis and remained isolated. The few experi- 
mental results obtained bad on the whole been 
favourable to the Newtonian conception. It had 
been shown with great accuracy that the constant 
of gravitation was independent of the nature of the 
attracting masses; that crystalline bodies were 
isotropic as far as their power of attracting other 
bodies was concerned; there were, on the other 
hand, some slight indications that the attraction of 
a chemical compound might not exactly be equal to 
the sum of the attractions of the components ; and 
there was evidence of a considerable change in the 
attraction exerted by a body when heated (P. E. 
Shaw). By far the most convincing and exact in- 
formation of the inverse square law had been 
furnished by astronomy ; but astronomical observa- 
tions had also revealed the outstanding anomaly in 
respect to gravitation of which, he understood, 
Professor Eddington would speak. 

For some time the laws of electricity had appeared 
to supply a basis for all physical phenomena. 
But positive electricity had not yet yielded up its 
secret, and the outstanding puzzle of radiation and 
that strange new thing, the quantum theory, made 
us feel how far we were from a comprehensive 
knowledge of the constitution of matter. The 
electro-magnetic theory was further than ever from 
giving a detailed explanation of the results of 
experiments which led to the enunciation of the 


* We would refer our readers to the recent general 











pages 132-134. 


article on this subject in our issue of August 11,) 




























| 
| 
| 





298 


ENGINEERING. 








principle of relativity ; that became all the more 
important, therefore, as an independent hypothesis. 
Meanwhile, the fact of gravitation, the fundamental 
fact of matter in bulk, independent of all un- 
examined diversity in the constitution of the 
chemical elements, had almost been forgotten 
among the exciting revelations of the laboratory. 
We were not in a position at present to rest an 
understanding of the forces of gravitation on an 
intimate knowledge of the constitution of matter. 
The problem might be approached under two 
aspects: (1) consideration of the centres of gravi- 
tation, and (2) of the field of gravitation. As 
regards the second, Laplace had asserted that, if 
gravitation were propagated through space with a 
finite velocity, that velocity must be infinitely 
greater than the velocity of light. But many ways 
had been proposed of reconciling astronomical data 
with a velocity of propagation equal to that of 
light, the stimulus to these attempts lying, of course, 
in the hope of an electrical theory of matter. We 
thought no longer in terms of instantaneous action at 
a distance and no longer of the inverse square law 
as the last word on the subject. On both grounds 
we were prepared for a specification of the gravita- 
tional field. That field required for its representa- 
tion more than a simple potential function, just as 
the electro-magnetic field was specified by vectors 
(the electric and magnetic forces), and not by a 
single scalar potential like the electrostatic field. 

Passing to the first aspect, the dependence of 
gravitation upon the mass of attracting and attracted 
bodies, Mr. Cunningham pointed out that, until 
recent years, the mass of a body had been considered 
as a fundamental concept, a fixed quantity. Now, 
however, part, if not the whole, of the inertia was 
attributed to electrical origin. It was generally 
accepted that incident radiation increased the energy 
of a body by E/c*, where c was the velocity of 
light, and that a hollow vessel filled with temperature 
radiation had inertia by virtue of that radiation. 
Since, however, the mass of the negative electrons— 
the only bodies whose mass we could confidently 
assert to be purely electro-magnetic—was only a 
small part of the mass of the atom, we were bound 
to consider now the possibility that gravitation 
might be confined to inertia of a different, un- 
explained kind located in the nuclei of the atoms. 
Yet Eétvés, in some of the most accurate experi- 
ments carried out, came to the conclusion that the 
gravitational force of a body was proportional to 
its‘ dynamical mass within 1 in 2 x 10’, and the 
variations in the proportion of the mass of the 
negative electrons in any substance to the whole 
mass were certainly much greater than this. Thus 
it appeared probable that gravity might affect the 
purely electro-magnetic mass.(which found its 
explanation in the electric field about the electrons), 
and the energy of radiation within a body would 
contribute to its gravitational mass. To say [as 
Einstein does] that a beam of light had weight, was 
only a short step from this. 

Einstein had tried to make this more precise with 
the aid of the principle of equivalence. If we were 
in a lift descending with acceleration, the apparent 
effect of gravitation would be diminished, and it 
would disappear entirely if we were falling freely. 
Conversely, an upward acceleration would increase 
the apparent magnitude of gravitation. In the 
same way the acceleration of a point on the earth’s 
surface due to its rotation affected the apparent 
value of gravitation at that point. Generally the 
effect of a uniform gravitational field was exactly 
the same as the effect of giving, to every point of the 
system, a certain acceleration in the opposite direc- 
tion; that was the principle of equivalence for 
mechanical phenomena, aad this equivalence might 
be applied to gravitation as affecting electrical 
phenomena. To the person inside the lift (uncon- 
scious of external phenomena), there was no 
apparent gravitation. Relative to the falling lift 
there would similarly be no electrical disturb- 
ance, the ordinary laws of electro - magnetism 
would apply, and light would be propagated uni- 
formly with equal velocity in all directions. It was, 
then, only a matter of geometry to describe the same 
phenomena as they would take place relative to an 
outside observer not in the lift. To the man in the 
lift, e.g., a horizontal ray of light would appear 
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straight of uniform velocity c; to the man outside | 


the light would travel horizontally with velocity c, 
and with downward acceleration g, and the ray 
would be curved, the curvature being g/c?. The 
downward curvature would show (Huygens) that 
the velocity of light increased with height, approxi- 


mately according to the formula (Einstein) ¢ = co | 


(1 + g/co®) where co was the velocity of light 
in a field free from gravitation and @ was the 
ordinary gravitational potential. Where gravita- 
tion was apparent the velocity of light would no 
longer be constant. Attempts to observe this 
bending of a ray of light—which should amount 
to 1.7 second of arc for a ray passing the sun 
tangentially—by observing a star close to the sun 
at the time of a total eclipse, were to have been 
made in August, 1914; but political and meteoro- 
logical conditions rendered this impossible. 

The velocity of light should, according to 
Einstein, also be varied along a ray. If light of 
frequency v (as observed at a point A) were 
passing from A to B, there being a gravitational 
field g in the direction B A, the effect (by the 


principle of equivalence) would be the same as if | 


there were no gravitation, but both A and B had an 
acceleration in the direction A B. Assuming the 
velocity of A B to be zero when a certain wave 
reached A, then that wave, reaching B after the 
time A B/c, would have a velocity g. A B/c in the 
direction of the light, and the frequency v (as 
observed at B) would by Doppler’s principle be 
vy (l—g.AB/c); there would result a change of 
frequency 8v = — v 8¢/c. Applied to light coming 
from the sun to the earth, this change in period 
would amount to 2 x 10—*, @ indicating the change 


in potential in passing from the sun’s surface to the | 


earth. The lines of the solar spectrum should 
correspondingly be displaced with regard to lines of 
a terrestrial source ; that displacement was known, 











but was commonly attributed to a pressure effect. 
The following tables of E. Freundlich show that 
it is quite possible that the displacement effect 
actually exists :— 





Displacement Observed. 


Wave-Length. | Calculated. 
f 4040 +0.0078 +0.0081 
I. 4 4500 | +0.0071 +0.0090 
5170 | +0.0093 +0.0103 
ink 
f 4250 +0.0062 +0.0085 
TI. 4 5300 | +0.0103 +0.0106 
| 


The wave-lengths concerned groups chosen 
because only slightly susceptible of a pressure 
shift ; the calculations were based on Einstein ; 
the observations I. were made by J. Evershed [of 
Kodaikanal, who had a paper on “ Kashmir 
Spectro-Heliograms ” on the list, but was unable 
to attend at Newcastle], and those of II. by Fabry 
and Buisson. 

Professor Eddington, rising after Mr. Cunningham, 
said that there had been rumours of a revolutionary 
advance by Einstein in the relativity theory of 
gravitation, but detailed information had not been 
obtainable; Professor W. de Sitter [Leiden] had 
now sent him Einstein's recent paper (Annalen der 
Physik, vol. XLIX, June, 1916) and papers of his 
own. The elaboration of the theory of relativity, 
Mr. Eddington stated, would not under any circum- 
stances be a waste of time, because whether it 
contained any physical truth or no, it contained 
far-reaching mathematical truths. But Einstein’s 
theory had a strong claim to our acceptance as a 
physical truth, because it explained with numerical 
exactness and without introducing any new con- 
stants an important astronomical phenomenon 
which had hitherto baffled explanation. He (Ed- 
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dington) found his triumph so overwhelming that it 
was difficult to preserve the proper attitude of 
scepticism. Einstein’s theory was not an attempt 
to explain gravitation—as a kink in space or 
anything of that sort; it was an attempt to deter- 
mine the more general law of gravitation, to which 
Newton’s law was a close approximation in the 
usual case when bodies were at rest or moving 
with speeds slow compared with the velocity of 
light. The form of the law of gravitation might 
well be determined by the properties of space. The 
inverse square law represented the natural weakening 
of an effect by spreading it out in three dimensions 
especially appropriate to Euclidean space. 
Supposing space and time of a point P were 
measured with respect to four co-ordinates 2,, 2, 
Xs, 24, Of which 24 referred to time, which need not 
be discriminated from space. The gravitational field 
at P could be abolished by choosing new axes 
(accelerated with respect to the first) x,’, 7,', 75’, 74’; 
that, of course, would only get rid of gravitation 
at the one point, unless the field happened to be 
uniform. The aecessary transformations might be 
specified in various ways, for instance, by 


dX =dz'2+das/2... 
"= 9 O22 + Go d2z2+...2godudx, 
the cube terms being negligible. The g-factors 
specified the transformation and the metric pro- 


perties without regard to orientation ; they specified, 
moreover, the gravitational field, at least in showing 
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the choice to exactly one which Einstein adopted as 
expressing the generalised law of gravitation. It 
was important to notice clearly how much was mere 
geometry, and how much a new law of nature. 
| Geometry told us that, if those equations held for 
| one set of co-ordinates, they would hold for every 
|set. ‘ We abolish the i/, and in so doing assert a 
law of nature.” 

So much, Professor Eddington continued, for the 
| gravitation field in free space. There remained the 
question, What was to be the equivalent for Poisson’s 
| equation y* @ == — 4 rv [where v is the mass density] 
| which applied to space where matter was present. 
| Einstein solved this very simply. A certain ex- 
| pression T in the ten equations could be identified as 
|the energy of the gravitational field, and then the 
| ten equations really expressed the principle of least 

action. Calling the electro-magnetic energy E, 
2. Einstein said that the only difference made by the 
presence of matter was that this extra energy E was 
knocking about in addition to T, so that one had to 
|write T +E instead of T. This was justified 
because both gravitational and electro-magnetic 











how to get rid of the field. There would be ten of 
these g, varying from point to point of space and 
pemge ~~ ere pam Smee potentials, and energy behaved similarly in regard to the principle 
nem, 944 e a first approximation | of Jeast action. Neither T nor E were scalar 

to the Newtonian potential ¢. The new law of | tities. both being t rith ten ent 
ravitation would then be ex sed ih cw ee ee ee ee apt gp 
ee a pressed as a set Of | Professor Eddington could not write down the 
equations to be satisfied by the g. The inverse| gquati the explication of the notation would 

square law was equivalent to the equation Pr bee 0 ee 
Laplace— |alone take quite half-an-hour, but he referred to 
Rd, RO, Re | the results verified. 

oat * ty” ta” When a planet was moving in an ellipse the ellipse 
|rotated in the direction of motion at the rate of 
and the task was to find the generalised equivalent | 24 * a*/T? c*(1—e)* per revolution of the planet, 
involving ten potentials instead of one. | which expression was practically 6 a*/c?, a being the 
5 There the principle of relativity was appealed to. | large semi-axis, c the velocity of light, e the eccen- 
For out-and-out relativists the space and time of | tricity, and T the time of the orbit. Working that 
physics were apparently only a mental scaffolding | out for Mercury, the result was 43 seconds per cen- 
to locate observable phenomena, the scaffolding | tury, just the observed value for the movement of 
itself not existing outside our brains. The possible |the Mercury nodes, which so far had been un- 
sets of relations between the g, which would remain | accounted for. The only suggestion hitherto made 
satisfied for any alteration of co-ordinates whatever, | for its explanation was that the effect was due 
were very limited in number ; they were enumerated |ta the mass of matter constituting the Zodiacal 
by the theory of “‘ tensors ”’ worked out by Riemann, | Light ; but the necessary mass seemed improbably 
Christoffel and others. It might be surprising that | great. The formula gave a rotation of 8.6 seconds 
the possible laws were so limited ; but it was even | for Venus and of 3.8 seconds for the Earth; but the 
more surprising perhaps that there should exist | orbits of these planets were so much less elliptical 
any set of equations at all invariant for every |than that of Mercury, that our knowledge of the 
conceivable change of co-ordinates. The principle | rate of rotation was far less accurate, which could 
of relativity left only a very limited choice of laws, hardly be detected in these cases. It would be 
and from those we had to pick out one which| noticed that the formula contained only astro- 
reduced to v* g44—=0, as an approximation in| nomical elements and the yelocity of light ; Einstein 
ordinary problems; that last condition reduced | had found his generalised law of gravitation from 
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pure theory, and applying it to this special case, 
the beautiful result had dropped out. 

Sir Frank W. Dyson, who spoke next, confined 
himself to a few guarded remarks. They had not 
yet access to the details of these striking researches. 
The astronomical observations in question at 
eclipses were not impossible, but extremely difficult. 
There was certainly an anomaly in the movement 
of the nodes of Mercury; but there were similar 
anomalies as to Venus and the Moon, wholly un- 
explained so far, though E. W. Brown, of Yale 
College, and others, believed they had traced all 
gravitational effects. 


GRAVITATION CONSTANT AND TEMPERATURE. 


Dr. P. E. Shaw, of Nottingham University 
College, next called upon, gave a brief account of the 
remarkable experiments which he has been conduct- 
ing for several years in a vault of the Physics Depart- 
ment of the college with a Cavendish balance for the 
purpose of determining a possible temperature 
coefficient of gravitation, his temperature range 
being +- 15 to 250 deg.C. In his experiments, which, 
of course, required the most extraordinary care, 
Dr. Shaw has used various arrangements and 
materials; Figs. 2 and 3 explain the devices finally 
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adopted. Within an exhausted glass tube, 120 cm. 
high, 5 cm. in diameter, were suspended from a 
short beam and a torsion head by quartz fibre, 
almost too delicate for the disturbed load, two small 
silver balls, m, weighing 3 grammes each; imme- 
diately outside the tube, also at different heights 
corresponding to the levels of the small balls, were 
suspended by copper wires two lead balls, M, each 
20 om. in diameter and weighing 47 kg. The tube 
was exhausted by a Gaede pump and lagged with 
cotton wool, a water-jacket and again cotton wool 
(outside lagging not marked in diagram); a mirror 
was attached to the fibre to take readings through 
an optical window by means of a telescope. The 
lead system could be swung round through 90 or 
180 deg. on its turn-table; when this was done 
(Fig. 3) the big balls M attracted the small balls m 





from the opposite sides, and tended to turn the 
beam out of its former position of rest, causing a 
deflection of the torsion system. When the balls M 
were moved, the scale reading changed by 200 milli- 
metres in the experiments at 15 deg. C., but when 
the temperature was 215 deg. the change observed 
was 200.4 mm. Heating coils could be inserted into 
vertical holes drilled through the balls M, but these 
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coils were always removed before taking a reading | 


of the torsion system. Plotting the range of 
attraction against steady, falling, or rising tempera- 
ture, Dr. Shaw obtained somewhat irregular curves, 
yet showing unmistakably that the attraction 
increased as the temperature rose. There was 
certainly a temperature effect ; but was it a gravi- 
tation-temperature effect? He had to guard, 
as he explained by diagrams, against electro- 
static effects, magnetic effects (with which Dr. 
Shaw dealt recently in the Physical Society), 
radiometric pressure, radiation pressure (for this 
reason a gas pressure of 14 mm. was maintained in 
the tube), convection, damping, stiffness and torsion 
of the wires, &c. He had first attempted to heat 
both the M and the m balls and the intervening 
medium, but had had to give that up, and had heated 
only the lead balls, near which powerful convection 
currents were set up. In most previous direct 
experiments ordinary constant temperature had 
been used. But there ought to be a temperature 
coefficient of the Newtonian constant according to 
the wave theory of Morozov (1903) and the theory of 
matter of G. Mie (1913), whilst Bohr assumed that 
gravitation would not be affected by physical and 
chemical agencies, being, like radio-activity, a 
nucleus property. Poynting and Phillips had in 1913 
counterpoised a mass of 208 grammes on a balance 
and varied its temperature between + 100 and 
-— 186 deg. C.; the resulting change in weight, if 
any, was less than 10—° per deg.C. In Poynt- 
ing’s experiment the Earth was the big ball 
M, and he had given the formula, force observed, 


1 
f=g [1 +a mi+me | M ™ where ¢ and i were 
2 M+m™ ad 
the temperature increments for M and m. When 
M was very great compared to m, this reduced to 


f=g — (1-+-at). Assuming this effect to be linear 
—it might not be, a time factor coming in—Dr. 
Shaw found a = (1.2 + 0.05) 10—* per deg. C. This 
was a large effect ; it would mean that gravitation 
increased by 1/500 when the temperature rose from 
15 to 215 deg. C. 

After publishing his first results,* Dr. Shaw con- 
tinued, it had been suggested that convection 
currents or a differential radiation pressure might 
push the silver balls inward, and that the lead balls 
might also be moved towards one another; a dis- 
placement by 0.15 mm. would have explained the 
results observed. Dr. Shaw and Mr. Hayes there- 
fore installed an electric micrometer to measure 
the distance apart of the M balls when hot and when 
cold ; they found that they did not move inward, 
but away from one another when hot, and allowing 


for this movement the final value for a_ was| 


(1.4 + 0.05) 10-*. An enormous amount of work 
remained to be done, and when the price of copper 
was more reasonable, Dr. Shaw hoped to work with 
copper balls, which would bear 500 deg., and again 
to raise the temperature of the whole system, M, m, 
and the air between. 

Professor R. A. Sampson, Astronomer Royal for 
Scotland, commenting on the gravitation experi- 
ments, remarked that an almost false impression 
seemed to have grown up as to the ability of 
astronomers to distinguish between right and 
wrong in such theories. The question whether 
comets should get hotter and therefore accelerated 


when near the sun did not receive any conclusive | 


answer by Dr. Shaw’s experiments. As regards the 
suggestion made elsewhere that the small eccentrici- 
ties of the planets’ orbits should change with, or be 
due to, the solar heat, Professor Sampson had 
calculated that the eccentricities were already 
greater than the Shaw effect would make them. 
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MACHINES FOR BREAKING AND 
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Tue illustration on page 298 shows a rail breaker 
with an open throat. It is found very much more 
preferable to do this work in an open-throat machine 
rather than in a closed machine similar to a guillotine 
shear frame. Owing to the heavy shock, special 
attention has been paid, in the machine illustrated, to 
the size of the main bearings for the eccentric shaft, and 
the eccentric shaft bearing in the cover has been made 
exceptionally large. Heavy lugs are provided at the 
top of the frame to ensure keeping this bearing in 
perfect alignment. 

These machines are preferably belt-driven, as careless 
operators frequently allow the plunger head to jam 
to such an extent that the machine is instantly stopped, 
and it is impossible to make the remainder of the stroke 
without breaking some part of the machine. The 
belt therefore safeguards this careless operation. If 
motor-driven, the makers, the Covington - Machine 
Company, of Covington, Virginia, U.S.A., recommend 
some form of friction drive, although they consider 
a belt drive the safest. On the plunger is mounted a 
steel head, and on the lower portion of the jaw are-two 
renewable bearing parallels mounted in a cast steel 
block pivoted to the lower face of the machine jaw. It 
has been found from long experience that these bearing 
parallels wear out quite rapidly, and, where they are 
mounted directly on the jaw or main casting, that they 
gradually break down the corners and surface to which 
they are fastened. The steel block is therefore used 
to save the main frame from gradual deterioration at 
this point. The rail, when of the flat-footed type, is 
preferably broken by laying it with the side of the bulb 
and thin edge of the flange on the parallels, and a steel 
fuller on the end of a metal handle is interposed by the 
operator between the rail and the plunger head. One 
stroke of the plunger is all that is necessary to break 
the rail. This particular machine is designed to deal 
with rails up to and including 100 lb. per yard. 
Machines are built, however, to deal with any sized rail 
desired. In this machine the main eccentric bearings 
are bushed with easily renewable bearings, but the 
drive shaft is of babbitt construction, with caps and 
bolts. 

The rail punch illustrated on page 299 is a special 
form of a vertical type punch, also constructed by the 
Coviagton Machine Company. ‘The clamping features 
and arrangement of the punches and stops are specially 
designed for speed. Referring to Fig. 3, the centre 
block is a stop; the punch is shown set up with four 
punches, two for each end of each rail, two rail ends 
being dealt with simultaneously. This machine is 
large enough and heavy enough, however, to carry 
three punches for each end of each rail. The die blocks 
are made of proper size and shape to fit in between 
the rails for punching. The arrangement of the 
clamp or hold-down will be obvious from examina- 
tion of both the photographs. The cross-shaft is 
mounted in bearings and attached to the frame back 
in the throat, and the balance weights are keyed to 
this same shaft. The two clamping arms are each 
provided with an extended lug dropped down between 
the flange and the head of the rail. The actual clamping 
is done from a cam mounted on the main eccentric 
| shaft outside, engaging with ‘a roller, which roller 
| mechanism is in turn connected with a lever arm on the 
| outer rock shaft for transmitting the motion to the two 
| arms (all three of which are on a key-way or spline), 
| engaging through the spring connections with the clamp 
;arms. The cam is timed so that the clamp affords 
| ample opportunity for sliding the rails into position for 
| punching before they are gripped. These clamping 
| arms can be adjusted to any desired point near the end 
| of each rail. 
| The machine is, as we have stated, designed to punch 
| opposite ends of two rails simultaneously, which makes 
it equivalent to punching both ends of one rail ina 
| single operation. 
| This particular machine is belt-driven, but can be 
| motor-driven when desired. It was designed for 
lighter-weight flat-footed rails up to and including 
| 40 lb. per yard. The eccentric shaft bearings and also 
| the drive shaft bearings are bushed in a form that is 
| easily removed, the machine being thoroughly built in a 





Dr. Shaw’s first formula had only considered a | high-class manner throughout. 


temperature effect on the large mass, not on the 
small mass; his second formula was fully sym- 
metrical, as it should be. Professor Whitehead, 
in the chair, wished to adjourn the discussion— 
questions were put—since old conceptions, current 
40 years ago, were now adrift; but there was no 
time for further discussion. 


(To be continued.) 


* Philosophical Transactions, vol. ecxvi., pages 349 to 
392; May, 1916. 











| Lone-Distance TELEGRAPHY AND TELEPHONY.— 
| Professor J. A. Fivosing, M.A., D.Sc., F.R.S., will deliver, 
| at University College, Gower-street, W.C., on Wednesday, 
October 18, at 5.30 p.m., a public lecture on “‘ Long- 
Distance Telegraphy and Telephony,’ and a course of 
six lectures on “ Long-Distance Telephony ’’ on Fridays, 
at 5 p.m., beginning October 27, 1916. The public 
| lecture is open without fee or ticket. The course is open 
| both to members and non-members of the University. 
Fee, ll. lls. 6d. Application for tickets of admission 
to it should be made to Walter W. Seton, M.A., D.Lit., 
Secretary, University College, Gower-street, W.C. 
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INDUSTRIAL NOTES. 

SreveERAL Scottish arbitration cases were decided 
last week by Sir George Askwith, Chief Industrial 
Commissioner. One was with reference to an applica- 
tion for an increase in wages made to the Scottish Steel 
Founders’ Wages Association by the British Steel 
Smelters’ Association and the Amalgamated Society of 
Steel and Iron Workers, on behalf of foundry labourers, 
cranemen, sawmen, boiler firemen and enginemen 
who, from the beginning of the first full pay following 
the date of the award, receive an advance of }d. per 
hour, or 6d. per day, the advance being regarded as 
war wages. The finding in regard to claims made by 
the patternmakers, blacksmiths, boilermakers, brass- 
finishers and other trades in the Clyde district is that 
as from the beginning of the first full pay following 
August 4 in the case of engineering establishments, 
and as from the beginning of the first full pay following 
August 23 in the case of shipbuilding establishments, 
the time rates of wages of the men concerned shall be 
advanced 3d. per hour or 3s. 4d. per week (according 
to the custom of the shops), the advance to be regarded 
as war wages and recognised as due to and dependent 
on the existence of the abnormal conditions now 
prevailing in consequence of the war. The advance 
now awarded is to be paid to time workers only, and 
is not intended to apply to or affect piece prices. 
The Kilmarnock boilermakers, and also the iron- 
founders (Iron and Steel Founders’ Federation, Scot- 
land), receive an advance of #d. per hour, or 3s. per 
week, under similar conditions. With reference to a 
claim made by the operatives of Messrs. Nobel’s 
Explosives Company, the company having during this 
year raised wages by 11s. a week in three departments 
and by 18s. a week in another department, it was 
found that the demand for a further advance had not 
been established. 





The heavy rise in the prices of provisions has 
naturally directed attention to the various causes 
which have tended to bring about this serious result 
of the war. As there has been no increase in railway 
rates since the war began—a 4 per cent. rise, specially 
sanctioned by Parliament to meet the cost of improved 
labour conditions granted by the companies in 1911 and 
1912, came into force in July, 1913—the railway com- 
panies cannot be made responsible for any of the 
advance in prices. In a pamphlet issued by The 
Railway News examples are given to show how small 
a part railway rates form in the prices of provisions 
even at normal quotations. It is interesting to put 
these examples on record. 

For hauling a loaded churn of milk 90 miles and 
the return of the empty 90 miles, the railways receive 
1.04d. per gallon, or }d. per quart. The price of milk 
at present is at least 5d. per quart. 

The railway rate to London from Grimsby works 
out at 3d. per lb. for high-class fish, and 0.16d. per Ib. 
for gommoner fish at owner’s risk. From Aberdeen 
the figures are 0.62d. and 0.40d., and from Penzance 
0.42d. and 0.32d. per lb. respectively. 

For foreign meat the rate from Liverpool to London 
works out at 0.14d., and for British meat from Aberdeen 
to London at 0.38d. per lb. 

From Lincolnshire to London the average rate for 
potatoes is about 9s. per ton (2,240 Ib.), representing 
about 9 per cent. if the selling price is £5 per ton; 
about 44 per cent., if 10/.; and about 3 per cent., at 
151. per ton. ‘ 

For fruit conveyed by passenger train, the rate at 
company’s risk over an average distance of 50 miles 
is less than one-fifth of 1d. per Ib., and at the owner’s 
risk one-sixth of ld. per lb. The bulk of the traffic 
is carried at owner’s risk. Similarly, fruit and vege- 
tables are conveyed by goods train at an average cost, 
including delivery into London markets, of one- 
fourteenth of Id. per lb. Returned empties, which 
only load 8 ewt. per wagon, give an average charge of 
one-eighteenth of ld. per lb. This makes the total 
ee full and empty packages one-eighth of 1d. 
per lb, 

Strawberries from Hampshire are carried by special 
trains to London (77 miles) at a sixth of ld., to Man- 
chester (230 miles) at $d., and Inverness (600 miles) at 
id. per Ib. 

The Great Eastern Railway Company carry farm and 
market garden produce from the grower direct to 
consumers by passenger train from all the company’s 
stations to London and stations in Great Eastern 
suburban district, and from all Great Eastern stations 
(except those within 20 miles of London) to the principal 
resorts served by the Great Eastern Railway, at a charge 
of 4d. for 20 lb. This is for special fast deliveries by 
passenger train; particulars are also given of the 
ordinary rates for farmers and others, and these are 
much lower. 

A case was recentl 
of apples were sent 
chester, a distance of 


mentioned in which 2,560 Ib. 
m a western county to Man- 
200 miles, and the charge for 
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receiving and loading the fruit, unloading it, and 
conveying to the market was 0.1ld. per lb. Assuming 
that the retail price was only ld. per lb., the figures 
work out as follow :— 

For 2650 lb. Per lb. 

8. d. d, 

015 6 or 0.072 
013 3 or 0.062 


The grower received 
The picker received ace 
The railway company re- 


ceived “an aee -- 1 3 68 oF 0.110 
The market and commission 
mt receiv: . . 08 7.10 or 0.037 


The retailer received 773 4 or 0.719 


10 13 4 or 1.00 





Speaking at Wakefield a few days ago, Mr. J. H. 
Thomas, M.P., Assistant Secretary of the National 
Union of Railwaymen, stated that the settlement of 
the railwaymen’s claim for an advance in wages (see 
page 277 ante) should not be interpreted by the public 
as having had any connection with an attempt to 
break existing agreements. The question at issue, he 
added, was never approached from that standpoint ; 
it was based upon circumstances for which neither side 
was responsible, and was readily and frankly considered 
in that spirit by the railway companies. He emphasised 
this by stating further that it would be wrong to 
assume that in the recent conferences with the railway 
managers the men’s representatives were meeting 
sharks who were only anxious to take the fullest 
advantage of their employees. On the contrary, they 
met a body of gentlemen, who fought their own case 
fairly and squarely, but who, nevertheless, never 
failed to see the men’s side of the case. He wished to 
lay stress upon the desirability of preserving that spirit, 
which was in itself the greatest possible guarantee 
for peaceful relations in the future. 





The following is taken from the circular recently 
issued by the Federation of British Industries and 
signed by Mr. F. Dudley Docker, C.B., President :— 

The Federation is intended to occupy itself mainly 
with the broader questions which affect the trade and 
industry of the country, and to represent British pro- 
ducers and manufacturers in much the same manner 
that the General Federation of Trade Unions represents 
organised labour. 

The Federation will not interfere with the normal 
functions of existing trade associations, but will 
support and strengthen them by every means in its 
power, in order that they may deal effectively with the 
particular problems confronting each individual trade. 

The objects of the Federation may be summed up 
briefly as the organisation and development of industry 
now and after the war, in co-operation with labour and 
in conjunction with the Government and Government 
departments. 

Among the immediate objects of the Federation will 
be reconstruction of British trade after the war, 
development of sources of supply of raw materials, and 
consideration of questions arising out of the transition 
from war to peace, such as demobilisation, the future 
of temporary war workers, measures to mitigate 
possible unemployment during the transition period, 
and economic problems in general. 

At the same time there will be no delay in dealing 
with such important questions as the efficient repre- 
sentation of British manufacturers abroad, the improve- 
ment of the existing commercial intelligence system, 
the extension of financial facilities for industry and 
foreign trade, and the better co-ordination and regu- 
lation of freight and transport. 

Every effort will be made to ensure that in the 
future no important action affecting British industry 
shall be taken by the Government or by Government 
departments without due weight being given to the 
views of manufacturers and producers. 





The Government of the United States, says The 
Iron Age, is now facing one of the greatest industrial 
problems it has ever been called upon to solve. A 
way must be found to secure the speedy construction of 
63. warships, the immediate building of which is 
authorised by the Naval Appropriation Act just signed 
by the President, and at the same time the newly- 
created Shipping Board must go into the market to buy 
or build 50,000,000 dols. worth of merchant vessels. 
Instead of being able to pick and choose between a 
score or more of private shipyards eagerly competing 
for desirable work, the Government now finds itself 
obliged to appeal to the patriotism of the managers 
of a few yards, all of which are crowded with work that 
will keep them busy for 18 months. 

Another feature of the present industrial situation 
which is causing the officials of the Navy Department 
no little anxiety is the scarcity of skilled labour. The 
high wages and the exceptional opportunities for 
the promotion of especially skilled men offered by the 
munition makers of the country have made heavy 
drafts upon all the manufacturing establishments of the 





| yards. The private yards have also suffered to some 


extent, but the greater flexibility of their employment 
systems as compared with the hard-and-fast rules of 
the Government yards has enabled them to keep their 
best men and to develop inexperienced employees for 
special purposes with great rapidity. 


The Minister of Munitions makes the following 
announcement :—‘ If a munition worker (as defined 
by the Munitions of War (Amendment) Act, 1916) 
is, on or after the Ist day of October, 1916, killed 
or injured by hostile aircraft, or by the measures 
taken to combat them, whilst upon the premises of the 
factory in which he is employed, and if the injured 
worker or his dependants, on proceeding under the 
Workmen’s Compensation Act, 1916, fail to recover 
compensation, His Majesty’s Government undertake 
to pay compensation on the scale of the Act.” 








COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

WE give below a few data on several Colonial and 
foreign engineering projects, taken from the Board of 
Tr Journal. Fuller information on these can be 
obtained from the Commercial Intelligence Branch, 
Board of Trade, 73, Basinghall-street, E.C. 


South Africa.—The “ Official Gazette of the Province 
of the Cape of Good Hope” publishes a notice of the 
intention of the council of the municipality of Molteno 
to borrow the sum of 20,5501. for the purpose of carrying 
into execution a water supply scheme. 


Siam.—With reference to the call for tenders by the 
Siamese Royal Irrigation Department for the suppl 
and delivery of a suction or hydraulic dredger, eM. 
Consul-General at Bangkok has forwarded a list of the 
names of foreign (¢.e., non-British) firms which have sub- 
mitted tenders in this connection. United Kingdom 
dredger builders interested may consult this list, together 
with particulars of the prices quoted, at the Commercial 
Intelligence Branch. 


Argentine.—The Boletin publishes a Decree approving 
a project of sanitation and water supply works to be 
undertaken at the National Tuberculosis Sanatorium at 
Santa Maria, Province of Cérdoba, at an estimated cost 
of 147,679 pesos currency (about 12,9001.). A public 
call for tenders for the carrying out of the works will be 
made by the Comisién Asesora de Asilos y Hospitales. 





GERMAN Pic-IRON AND THE MANGANESE SUPPLY.— 
It is stated in The Iron Age that complaints of the present 
quality of German pig-iron are found in a Dutch periodical 
which says that it is daily proving worse ; the opinion is 
peace: 9 that this deterioration is due to a shortage of 
skilled workmen and to an insuficient quantity of 
manganese. The substitute for manganese reported in 
German papers does not seem to ve come up to 
expectations, continues the report, and the iron is hard 
and brittle. In this connection we refer our readers to 
the paragraph on page 225 ante, entitled “ Manganese 
Ore at Ilsede” ; this latter is of German origin, and our 
readers will make their own comments. 





“British AND GERMAN INDUSTRIAL CoNnDITIONS.”’— 
There has just been issued a brochure under this title 
by Mr. Andrew Stewart, M.I.E.E., at 6d., containing 
a series of articles which appeared in Llectricity between 
April 21 and June 2 last. Mr. Stewart brings to bear 
upon his work as an author an intimate knowledge of 
German methods, acquired by business association with 
many firms in that country, as well as sound technical 
knowledge. Consequently his treatment of the sgbject 

ossesses practical definiteness, which is not present 
in many other contributions to the all-absorbing —— 
of the organisation of trade after the war. He does not 
place much reliance on tariff walls, justifying his view by 
an examination of the figures of imports and exports to 
free-trade and protected countries. He is much more 
inclir.sd to believe that better banking systems, the 
establishment of cartels, cheaper transport, and, above 
all, a fuller use of the mechanical means of production 
in association with better relations between capital and 
labour, will insure improved er in the future 
His suggested remedies are: (1) that more specialised. 
education is wanted; (2) that education should be 
continued, so far as the mass of the people are concerned, 
beyond the ordinary school age, and that this additional 
education should not depend — upon evening classes, 
as many artisans are not physically capable of profiting 
by it, and consequently much of the money spent on 
evening classes is wasted; (3) that financial support 
for fresh enterprises must be more easily obtained by 
means of industrial banks or otherwise; (4) that 
employer and employee should co-operate in the trade 
war, as they have in the fighting line and the munition 
factory; (5) inland transport to be_ reo ised, 
co-ordinated and brought up to date. He considers 
that the success of the Ministry of Munitions should 
result in a reconstitution of that organisation as a 
department of industry and commerce under a Minister 
of Commerce, with Cabinet rank. It is desirable to 
have an organisation to support industries, especially 
new ones and essential or key industries, which cannot 
stand the blast of competition without State aid, which 
might take the form of the Government t of a 
subsidy or the guarantee by the State of a certain 





interest on the money sunk in new industries or in helping 


Government, especially upon the arsenals and navy ; old ones to weather a period of serious competition, 
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STENCIL-CUTTING MACHINES. 


WE gave on page 114 of our last volume a short 
illustrated description of the “ Diagraph”’ stencil- 
cutting machines which are sold in this country by 
Messrs. Herbert E. Williams and Co., 47, Lime Street, 
E.C. A new type of these machines has now been 
brought out. It is completely enclosed in a strong 
metal casing ; this covers the important working parts 
of the machine and protects them from the dust and 
damp sometimes found in the packing and despatch 
departments of factories where they are generally 
used. The new dial is stationary and the pointer 
which indicates the letter to be cut is instantly brought 
into position by means of a new wheel provided for 
this purpose on the top of the machine. The operating 
lever is now horizontal and the bedplate has no arms 
or obstructions, so that the Diagraph which cuts 
stencils to any length required can be manipulated by 
any boy or girl. Its labour-saving qualities must, 
therefore, be even greater than in the older model. 
Messrs. Williams inform us that these machines are 
largely used for marking cases despatched to the 
various fronts. 





LIQUID COMPASS. 


Tuis war has given a great impetus to the manu- 
facture of liquid compasses, because they are very 
much more nearly dead beat than the compass in which 
the card is carried solely on a pivot. In the liquid 
compass the weight of the card and of the magnet is 
very largely borne by the liquid, so that the friction 
on the pivot is reduced to a very small amount, the 
pivot being then solely for the purpose of guiding the 
card, The liquid, by its viscosity, quickly damps out 
the vibrations when the compass is turned from one 
point to another. The liquid itself is a mixture of 
spirit and glycerine of such proportions that its viscosity 
allows the card to rotate fairly easily, but at the same 
time damps out its motion in a very short time. 

Liquid compasses are by no means a novelty, 
although they have not hitherto been very tee 
used as pocket instruments. Indeed, one of the 
earliest compasses, that invented by Petrius Peregrinus, 
and described by him in the year 1269, was provided 
with a liquid upon which the card floated; and, of 
course, everyone knows the old experiment of floating 
a magnetised sewing needle upon water, and allowing 
it to set itself due north and south. Ship compasses 
have also been liquid borne for a great number of 

ears. On this page we illustrate a new form of 
iquid compass which has been got out by Messrs. 
8S. Smith and Sons, Limited, of the Grand Hotel 
Buildings, Strand, London. It will be seen that this 
is not one of the prism type compasses, the reading 
being observed through a small lens shown at the right 
hand side. This lens is hinged, and can be moved 
slightly backwards or forwards in order to bring the 
figuring on the compass well into focus. The cap of 
the compass, which is shown raised, has in it a disc 
of glass on which is ruled a fiducial line, which is 
brought by the observer on to the point to be observed 
before he reads the figure on the compass itself. This 
reading gives the number of degrees by which the line 
drawn from the compass to the object subtends a 
line drawn to the magnetic pole. Of course, all com- 
passes are directed to the magnetic north, which here 
now varies by some 15 degrees from the axial north of 
the earth. It is not possible to correct them for this 
divergence, because the divergence itself is different 
in different parts of the world, and a compass which was 
true in London would not point truly in the West of 
England or, say, in Mesopotamia. In working from a 
map, it is, of course, necessary to know the divergence 
of the magnetic pole from the north at the particular 
spot on which the observer stands. 

One of the purposes of a military compass is to enable 
marches to be made from indications already taken from 
the map. The course is laid out to some prominent 
object on a certain bearing; when that object is attained 
a second bearing directs the course to another object, 
and so on. It is possible to carry out such a march at 
night if the objects in question are such as can be readily 
recognised in the dim light. 

The compass itself is provided with luminous marks, 
to enable it to be used after cark. The arrow in the 
centre can always be seen pointing to the north. 
Around the compass is a ring divided up into degrees, 
and inside this ring is a second, carrying a fiducial 
mark, and this second ring can be rotated in either 
direction to bring this fiducial mark opposite any given 
angle. When once set like this it is easy to use the 
compass in the dark. Further, at each 90 degrees 
there are two light spots on the dividing ring, and there 
are also other spots at distances of 20 degrees apart. 
As 90 degrees will not divide by 20 without a remainder, 
the intervals at each side of the north and south poles 
are 10 degrees, and these short intervals serve to identify 
these particular points in the dark. Diametrically 
opposite the fiducial mark on the inner movable ring is a 











round dot which is useful for a return march when the 
outward march has been made by bearings. It is 
naturally a little difficult to set out the return route 
without making any mistakes. First, the correction 
for the magnetic deviation has to be made, and then 
each of the other directions has to be reversed. The 
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use of this dot does the whole matter automatically, 
and it is possible by the use of this dot to turn round 
and retrace the steps already made without any chance 
of error. These compasses can be obtained with 
certificates from Kew, guaranteeing that the maximum 
error at any part shall not exceed half a degree. 





Borers Freep with PowDERED CoaL.—What is 
believed to be the first large installation of pulverised 
coal burning under a complete battery of stationary 
steam boilers, says The Iron Age, has been in operation 
since August 1 at the shops of the Missouri, Kansas and 
Texas Railroad at Parsons, Kansas. There are eight 
250 h.p. O’Brien water-tubes, and an evaporation of 
10.7 lb. of water from and at 212 deg. F. per lb. of fuel 
was obtained with 16 per cent. of carbon dioxide in the 
stacks. The plant was designed and put down by the 
Fuller Engineering Company, Allentown, Pa. 





DIRECTORY AND CHRONICLE FOR CHINA, JAPAN, &.— 
This directory, which covers China, Japan, Corea, Indo- 
China, Straits Settlements, Malay States, Siam, Nether- 
lands India, Borneo, the Philippines, &c., for 1916, is 
the 54th annual edition. It is issued at the price of 
30s. net by the Hong Kong Daily Press, Limited, 131, 
Fleet-street, E.C. It contains a number of excellent 
maps and plans of towns and close upon 1,800 pages of 
printed matter. This includes interesting neral 
information on the principal countries and districts 
dealt with; data which appeal to commercial firms ; 
directories of the industrial and commercial enterprises, 
of the consulates of the various countries, of the foreign 
residents, &c. Information is also given concerning 
agreements, conventions, rules and regulations which 
govern the intercourse with the countries covered by the 
directory. The book, like the former editions, will prove 
useful to all firms having dealings with the Far East. 





PROPOSED DEPARTMENT OF MINERALS AND METALS.— 
The Councils of the Iron and Steel Institute, the Institute 
of Metals, the Institution of Mining Engineers, and the 
Institution of Mining and Metallurgy have addressed a 
communication to the Committee of the Privy Council for 
Scientific and Industrial Research, pointing out the 
necessity of measures being taken to provide the necessary 
machinery for the protection and advancement of the 
economic welfare of the mineral and metal industries of 
the Empire. In this it is pointed out that various 
departments of the Home Government, such as the 
Geological Surveys and Museum of Practical Geology, 
the Board of Trade, the Home Office, the Imperial 
Institute, and, since the outbreak of the present war, 
the Foreign Office, the Admiralty, the War Office, and 
the Ministry of Munitions, have all been concerned with 
the collection of information bearing on the sources of 
supply of minerals and the production of metals. There 
does not appear, however, to have been any serious 
attempt to co-ordinate and render available even such 
information as has been collected by these departments, 
and considerable overlapping and duplication of effort, 
with corresponding waste and confusion, must have 
occurred. It is therefore suggested that there should be 
organised a central department of minerals and metals 
to deal with mineral surveys of the United Kingdom, 
the Crown Colonies and other British Possessions ; an 
also to undertake the systematic collection and co-ordina- 
tion of information bearing on the occurrence, uses and 
economic value of minerals and their products. The 
body would further undertake the investigation of all 
questions and problems relating to the mineral and 
metallurgical resources of the Empire, and would publish 
accounts of th» develo and undeveloped mineral 
resources and the position of each mineral or metal. 
This application was dated September 22, and no doubt 
is under consideration. 





GERMANY AND ROUMANIAN PETROLEUM. 


THE production of petroleum in Roumania has 
decreased materially during the war, the figures for the 
three years 1913-15 being 1,890,000 tons, 1,770,000 tons, 
and 1,670,000 tons. The export trade in the products 
which were allowed to be exported has, on the whole, 
been done at very remunerative figures, but the export 
has receded considerably in the matter of quantity. 
The aggregate export of petroleum and by-products was, 
for the three years, 1,036,444 tons, 684,024 tons, and 
429,087 tons. The exports to Germany and Austria. 
Hungary were :— 


Germany. Austria-Hungary. 
1913 126,295 tons. 77,184 tons. 
1914 ... oe 6891S, 84,253 _,, 
1915 154,688 ,, 225,699 


To England, France and Italy no export whatever 
took place during last year, and the export to Russia 
only amounted to 578 tons. 

Germany is much interested in the Roumanian 
industry, in which it has invested much capital and 
skill during the last 20 years. Of late years, the 
Roumanian Government and capitalists have been 
endeavouring to nationalise this important industry, 
and of the 4,400,0001. of assets shown in the balance 
sheet of the Steana Romana at the end of last year, 
between 2,400,000/. and 2,000,000/., certainly lay in 
Roumania, 1,720,000/. representing installations, 360,000/: 
oilfields, and the balance means of transport and stock. 
The 1,720,0001. of assets and debtors were probably 
outside Roumania. It remains to be seen how these 
two sections—the Roumanian and the one outside 
Roumania—will be able to work duri the war. A sub- 
stantial sum out of the profits for the first seven months 
of the present year is, no doubt, available for the Board. 
The last business year (74 months), after writing off 
260,000/., yielded 200,000. for dividend—equal to 10 per 
cent. on the share capital. 

As regards the German Petroleum Company, the 
position seems more favourable. At the end of 1915 
the Roumanian portion of the shares amounted to 
6,820,000 marks, besides 2,170,000 marks of other 
Roumanian items, and in addition to advances to 
Roumanian affiliated concerns. As regards the latter, 
the Vega Refinery Company and the Petroliter Trans- 
port Company, however, are said to be creditors of and 
not debtors to the German Petroleum Company, and 
the Concordia concern has, of late years, been able to 
reduce its liabilities. 

The trade with Roumania in petroleum products has 
been of importance as regards lubricating oils, petro- 
leum for lighting and gas oil, whilst the export of 

trol to Germany and Austria has been very limited. 
Pately, permission for export of petrol was certainly 

anted, but there were several obstacles in the way. 

t is claimed for Germany that the stoppage of the 

Roumanian supplies will cause no trouble. What is 
called the statistical position as regards lighting oil, 
fuel and petrol is secure for a long time tocome. Besides, 
Galicia delivers promptly the quantities contracted for, 
and although the recently-opened oil traffic on the 
Danube, via Orsova, has again been stopped, it is stated 
that this does not matter much. 








Personat.—Mr. George Ellison, of Queen Anne’s 
Chambers, Westminster, has removed his Yorkshire 
Branch Office from Sheffield to Standard Buildings, City- 
square, Leeds. 





American Locomotive Company.—For the first 
time for the last eight years the American Locomotive 
Company has authorised the payment of a dividend upon 
its common stock. The dividend is, however, not very 
large—only 1} per cent. 





CotteEce CoursEes.—The courses at Northampton 
Polytechnic Institute, Clerkenwell, include day and 
evening courses in Engineering (Civil, Mechanical and 
Electrical), in Technical Optics and in Horology. The 
engineering courses include sub-sections in Automobile 
Work, Aeronautics and Radio-Telegraphy. In addition 
there are evening courses in Electro-Chemistry, Metal- 
lurgy and Domestic Economy. A ‘“ Glass-Workers’ 
evening course is being jointly undertaken by the 
Technical Optics and the Technical Chemistry Depart- 
ments. The classes in Submarine Cable Work are being 
continued, and elementary and advanced classes in 
Radio-Telegraphy are also being announced. The classes 
for the day courses commence on Monday, October 2, and 
those of the evening courses began on Monday, Septem- 
ber 25. Enrolments for the latter are now in progress. 





Competitive Exrorts.—It is satisfactory to note that 
in 1915 the percentage proportion of the United Kingdom 
in competitive exports of machinery to Australia never 
stood higher. The British proportion was 63.61 per 
cent. in 1909, 63.43 per cent. in 1910, 61.45 per cent. in 
1911, 62.58 per cent. in 1912, 63.20 per cent. in 1913, 
61.90 per cent. in 1914, and 64.90 per cent. in 1915. 
The American share came out as follows in the analysis : 


d|—1909, 10.23 per cent.; 1910, 10.59 per cent.; 1911, 


11.54 per cent. ; 1912, 11.76 per cent.; 1913, 11.80 per 
cent. ; 1914, 11.90 per cent. ; and 1915, 15.20 per cent. 
The American share of the exports of motor car chassis 
has shown a tendency to increase of late. The imports 
of competitive merchandise into Australia from all 
sources has represented the following yearly values 
during the period under review :—1909, 40,417,636l. ; 
1910, 47,145,514/. ; 1911, 52,295,5297. ; 1912, 61,230, 7612 ; 
1913, 60,551,5162.; 1914, 31,256,148/.; and 1915, 
48,867,01 17. 
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NOTES ON THE EFFECT OF BLAST- 
FURNACE GASES ON WROUGHT IRON.* 
By Dr. J. E. Sreap, F.R.S., Vice-President. 

Mr. T. H. Byrom, in his paper on “‘ The Carburisation 
of Iron at Low Temperatures in Blast-furnace Gases,” t 
showed that soft steel, when exposed to the action of the 
gases from blast-furnaces at the Wigan Furnaces, which 
were employed in the manufacture of ferro-manganese, 
is substantially converted into carbide of iron, Fe,C, 
without the formation of any free carbon in the interior 
of the mass. 

The temperature of the gases varied between 600 deg. 
and 700 deg. C. 

Sir Lowthian Bell, previous to 1872, showed that when 
carbonic oxide is over iron oxide at 400 deg. C. 
and above, reduction of the oxide to the metallic state 
is more or less complete, and coincidentally the carbonic 
oxide is reduced to free carbon in the spongy mass. 

John Pattinson,{ previous to 1876, worki in con- 
junction with Mr. Charles Wood, proved that fire-bricks, 
used in furnace linings, if they contained free oxides of 
iron, disintegrated in course of time, due to the same 
peculiar reaction. The carbonic oxide, penetrating the 
porous bricks, attacked the oxide and deposited carbon, 
which, exerting enormous pressure, burst the bricks into 

ieces. 
a Pattinson also recorded the results of an examination 
of a black powder found in the concrete of a gas-flue at the 
Tees Ironworks. 

It contained the following :— 


Per cent. 
Carbon 91.76 
Iron ° 3.54 
Phosphorus 0.043 
Silica oxygen ... ove eee 1.777 
Loss on drying at 212 deg. F. 2.880 

100.000 

: : 91.76 25 carbon 
Ratio of iron to carbon <5" T iron 


Pieces of cast iron, having all the properties of Cleveland 
pig-iron, were found inside the mass of black deposit. 

In the incombustible part of the black substance, ex- 
eluding the oxygen, the elements were found to be 
associated in the same ratio as they exist in Cleveland 
pig-iron. It was assumed that rusted pieces of Cleveland 
scrap iron had accidentally got into the concrete, that the 
carbonic oxide had attacked the rust, and the spongy 
iron produced had induced the continuous deposition of 
carbon from the carbon oxide. 

The exact reactions which pref occur are far from 
being clear, and it is doubtful whether they can be dis- 
missed by the formula usually advanced. 

The question as to whether the lower oxides of iron 
play any part in the reaction is not clear. 

It is known that during the carburisation of iron in the 
cementation process, the carbonic oxide gas is the vehicle 
of the carbon and that carbon dioxide and iron carbide 
are the products : 


Fes + (CO)n = Feg0 + (CO;)n + (CO)n, 


and that it is improbable that oxides of iron play any part 
as an intermediary. 

Much might be written on the alleged chemical and 
catalytic reactions, but it is not —- to do this at 
present, the object being to show that apparently the 
oxides imprisoned in wrought iron induce carbon precipi- 
tation, and the partial disintegration of the iron itself, 
when such iron is heated in blast-furnace gases rich in 
carbonic oxide. It has been shown that at 550 deg. C. 
and above, gases containing about 30 


iron, but at lower temperatures than 500 deg. C. there 
is no carburisation. 

The object of this note is to describe the effect of blast- 
furnace gases on wrought iron at temperatures between 
400 deg. and 500 deg. €. 

The phenomena were observed quite incidentally when 
experimenting on the magnetic properties of manganese 
steels with the object of ascertaining the effect of very 
prolonged heating at relatively low temperatures. Bars 
of the steels were placed inside of a wrought iron tube or 
case, and the case with contents was placed in the middle 
of a gas-flue, where the temperature ranged between 
400 deg. and 500 deg. C., and was allowed to remain there 
for nearly two years. But the case and the bars were 
removed and examined at intervals. 

Fig. 1 clearly shows the method of suspending the case 


in the gases. 
After e ure for a year, the wrought-iron tubes were 
found to blistered in many places, and at certain 


points layers of the iron had been torn away from the 
places where the screwing terminated and were beginning 
to curl over in the way illustrated in the sketches (Fig. 2). 

As one had the opportunity of examining the outside 
of the case at intervals, the gradual and progressive 
tearing action was followed. From the first it was clear 
that carbon was being deposited from the gas and was 
responsible for causing the disruption. 

Fig. 2, a, b, ¢, ry step by step the mechanical 
efiect of the carbon. It is almost certain that that 
element was continually deposited along the line of cinder, 
and behaved just as if it were the point of a plani 
tool. The iron itself was not carburised, as was prov 





*Paper taken as read before the Iron and Steel 
Institute. 

+ Journal of the Iron and Steel Institute, 1915, No. II., 
page 106, 

t Ibid., 1876, page 85. 


r cent. carbonic | 
oxide and 3 to 4 per cent. carbonic acid rapidly carburise | 





by an analysis which gave only 0.05 per cent. carbon, 
a fact Leen. yo Soong conclusion that the temperature had 
not exceeded about 500 deg. C. 

On screwing off the cap to get at the bars, a considerable 
quantity of fine dense black powder fell out with the bars, 
and the lower part of the upper tube contained much of 
the same substance loosely ering to its sides. 

In physical appearance the powder resembled lamp- 
black. All the blisters on the tubes were filled with this 
black powder, and some had deposited on the inside 
walls of the thicker tube as well as the walls of the thin 
tube. Originally these walls, as well as the exterior 
surfaces, were coated with a thin layer of blue scale, as 
is usual with all such hot rolled material. Carbon seems 
to have deposited over the whole interior surfaces, but 
none at all on the exterior portions, excepting at the 
parts which had been cold distorted at the screwed 
portions beyond the terminations of the caps. 


Fig.1. ie 


Gas Flue 





Wro ught Iron Case 





Fig. 3 represents a section through the wrought-iron 
case and upper tube and the parts marked A where 
carbon had deposited. 

A most remarkable circumstance was noted about the 
ge at A. Parts of the screw-threads had been removed 

y the disruptive effect of the carbon from the gases. 
Originally the threads were continuous to the end B, 
but after two years only the black deposit remained, 
together with icles of the iron which had been dis- 
rupted. A slight coating of black deposit was found on 
the bars of mi nese steel, even on the faces that had 
been polished. There was not sufficient of the powders 
to make thorough analyses, but both free iron and 
magnetic oxide were isolated. The free iron was deter- 
mined by finding the amount of copper given weights of 
the powders precipitated, and from that the iron was 
calculated. h of the powders on treating with dilute 
sulphuric acid gave off hydrogen gas. The residue, after 
dissolving out the free iron, contained carbon and a 
black substance readily attracted by a magnet, and after 
this was se ted the carbonaceous residue contained 
non-magnetic oxides equivalent to about 20 per cent. 
of non-magnetic oxide on the original sample. The 
partial analyses were as follow :— 





Inside Inside the 

the Case. 7 Tube. 

Per cent. er cent, 
Carbon 27.8 72.60 
Free iron oot 10.9 7.90 
Non-magnetic oxide 21.0 
Magnetic oxide sao} Iron 13.60 
Manganese oxide 1.3 0.25 
Silica Se 2.9 0.90 

Total iron 44.4 21.4 
The quantit, not 


of powder from the upper tube was 
sufficient on which to determine the t of mag 
and other oxides. The larger amount of managanese in 
the deposit found in the case itself —pee that a portion 
of it had come from the surfaces of the manganese steel 
bars. As the caps were screwed tightly on to the ends 
of the case, it was supposed the case was quito gastight ; 
and if it was, one is forced to the tentative conclusion that 
carbonic oxide passed through the solid iron. That it 
is capable of penetrating iron to a depth of about } in. 
at 600 deg. to 650 deg. C. has been proved by previous 
experiment, but that it should penetrate right ugh the 
iron and deposit carbon on the inside walls of the iron 
tubes at under 500 deg. C., if true, is very remarkable, 
and further trials are being conducted to confirm or 
negative these observations. 

e@ explanation offered for the disruptive action on 
the screwed portion of the tube is that, in the act of 
making the screw, the enclosed cinder layers and threads 
were crushed and made very porous to gases, and the 
CO gas penetrated and burst away the metal above the 
cinder layers. 

On testing the black deposits for carbon by colour, 
only traces were found in the deposit from the upper 
tube but 0.21 per cent. in that from the lower tube, but 
a portion of this may have come from the manganese 
steels, which contained up to 2 r cent. carbon, 
Incidentally, it may be remarked that at high tempera- 
tures spongy iron reduced from iron ore is rapidl 
carburised, and it is justifiable to believe that as ore is 
reduced and d ds down the shaft of a blast-furnace 
it becomes highly carburised before it reaches the melting 
zone, and not, as is usually assumed, that it remains as 
spo iron till it begins to melt. It is more than 
probable that before the reduced iron is half-way down 
to the hearth it will have combined with at least 2 per 
cent. carbon. 

In reviewing the result of the observations and 
experiment given in this note, it would appear :— 

1. That even hard and refractory iron scale and the 
magnetic cinder enclosed in wrought iron are capable of 
reacting with carbonic oxide at temperatures between 
400 deg. and 500 deg. C. 

2. That wrought iron containing free oxides is capable 
of being partially broken up by the action of carbonic 
oxide gas on the enclosed oxides or cinder. 

3. That under the conditions named even initially non- 
oxidised steel acts on carbonic oxide gas, inducing carbon 
to be deposited on the surface. 


+ 











Untrep Services Empitoyment Covuncit.—This 
Council has for its objects to find business employment 
for disabled, invalided, or retired officers and gentlemen 
who have served in the ranks of His Majesty's forces; 
also to find employment for families of gentlemen who 
have served in the ranks or have fallen on the field of honour, 
and to assist the inexperienced with funds for purposes 
of n training at various commercial and industrial 
centres and institutions, in order to qualify them for 
private, commercial and other positions, and help to 
supply the ety of skilled assistants in our trades, 
industries, offices, &c. The Council appeals to the public 
for 200,0001., necessary for the training at various 
commercial and industrial centres and institutions of 
disabled, invalided and retired officers, gentlemen of 
education, who have served in the ranks, and the latter's 
families, in order to prepare them for positions in regard 
to British overseas trade expansion, the capture of 
German commerce, and for other remunerative engage- 
ments. Cheques can be sent to Mr. Alfred Bentley, 
Manager, London County and Westminster Bank, 
Parliament-mansions, Victoria-street, Westminster. 





Tue German Wire Inpustry.—The efforts to gather 
the whole of Germany’s wire industry into one combine 
have lately been resumed on account of the Diisseldorf 

rman Wire Union soon ceasing to exist. It was 
formed in the year 1913, between some 35 wire-drawing 
works and five wire-rolling mills. This agreement 
provided for the mixed concerns supplying the drawing 
mills with raw material at a fixed base price, both groups, 
according to a fixed scale, participati in the profits 
made by the drawing works. During the last few months 
differences have arisen between the two groups; the 
wire-drawing works, on account of the unusual rise in the 
cost of production, holding out for a larger share of the 
profits, which the mixed works refused. The combine 
does not seem to have satisfied either side, and its 
dissolution was duly notified last May. The factories 
in question will consequently become free the end of 
the present year, and exertions are now being made to 
prevail upon the works in question to join the price 
convention for wire and wire products, to which the 
Disseldorf Union belonged as a closed concern. Two- 
thirds of the works in yr have already uiesced, 
and most of them are likely to join; some small outside 
works, which have hitherto kept apart from all combines, 
are also being approached, and there is a chance, therefore, 
of the entire German wire industry being combined in 
one convention. 
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THE ACCIDENT TO THE NEW QUEBEC 
BRIDGE. 

On September 15 we published an account, as far 
as it was then possible to do so, of the accident which 
occurred to the new Quebec Bridge on the previous 
Monday, September 11. Very few technical details 
had then been received, but we were able to give an 
account of the preparations which had been made 
for lifting the central span, and to suggest the cause 
of the failure. This week photographs have arrived 
from America showing the span as it appeared just 
before the accident and immediately afterwards, but 
so far no really technical description has been received 
in this country. 

On page 306 we reproduce three of these photographs. 
Fig. 1 shows the span itself, as it appeared when 
ready to be floated into position between the two 
cantilevers. This span was 640 ft. long by 88 ft. 
broad, and, as will be seen, it was a structure of 
apparently immense strength, being elaborately 
braced in all directions. Its weight was supposed 
to be 5,142 tons. Fig. 2 shows the span almost 
ready to be lifted and Fig. 3 was taken after the 
bearing under the south-west corner had given way. 
It will be seen that it is still supported at three corners, 
but at the fourth corner it is free, and the whole span 
has twisted through something like 60 deg. On the 
side nearest to the spectator both the top and bottom 
booms are perfectly visible, and it will be seen that 
both of them appear to have failed, the lower boom, 
curiously, having buckled, and the cross-bracing 
having given way at several places. At the far side 
it is only the upper boom which is visible for about 
half its length; the remainder of it apparently is 
submerged under the water, which appears to be beaten 
up into foam by the impact of this vast mass falling 
into it. These photographs do not carry us very much 
further as to the real cause of the disaster, but, at any 
rate, they make it clear that the span was only held 
up at three corners, and, the fourth corner being 
free, the whole structure twisted through a large angle 
and finally broke away and fell to the bottom of the 
water. We are daily expecting a complete description 
and drawings from our correspondent in America, 
and defer any further notice of this matter until they 
arrive. 





SrupEents IN Captiviry.—From various camps a 
continuous stream of applications for books for serious 
study comes to the Committee managing the British 
Prisoners of War Book Scheme, who express the ho 
that the public will continue, by offers of suitable boo 
(new or secondhand), to support a war charity the 
machinery of which is being increasingly taken advantage 
of. Further particulars can be obtained on application 
to Mr. A. T. Davies at the Board of Education, Whitehall, 
London, 8.W. 





JAPAN AS A SOURCE ror TuNGSTEN.—We read in The 
Iron Age that exports of tungsten ore from Japan in 
1915 were 85 tons to the United States, 214 tons to 
France and 110 tons to the United Kingdom, or 409 tons 
in all. Estimated ship ts to July 20, 1916, are placed 
at 480 tons, most of it going to the United States. The 
tungsten output of Japan is reported as 25 to 40 tons of 
ore per mont from the Kiwada mine, 10 to 11 from the 
Takitori mine and 75 from several small mines. Those 
in Corea produce between 50 and 60 tons per month. 
Attempts were made to obtain tungsten from Siam, but 
the ore contained large percentages of tin, greatly 
reducing the value. 








Tue PROBLEM OF THE SHIPPING ON THE DAaNUBE.— 
The Danube conference, held in Budapest in the beginni 
of September, and comprising German, Austrian an 
Hungarian delegates, has again drawn attention to this 
difficult problem. That the possibilities of the Danube 
have not been adequately exploited will appear from 
the fact that the aggregste traffic on the Danube, with 
its length of 2,500 km., barely amounts to 15,000,000 tons, 
whilst the traffic on the Rhine, over a course of only 
570 km., in the year 1913 exceeded 104,000,000 tons, 
The cost of the regulation of the Danube up to the end 
of 1915 amounted, in Bavaria, to 25,000,000 Austrian 
kroner, in Austria to 171,000,000 kroner, and in Hungary 
to 250,000,000 kroner. The cost of a 2-m. regulation 
would entail a calculated expenditure in Bavaria, from 
Ulm to Parrau, of 233,000,000 kroner, and in Hungary 
of 66,000,000 kroner; what the cost of passing the 
falls in Austria and of the werks n at the delta 
would be has not yet been ascertained. The Euro 
Danube Commission, with domicile in Galatz, has, from 
1857 to 1911, expended some 55,000,000 francs on the 
mouth of the Danube, preparatory work, a 


at Tultscha, &c., 37,000,000 cub. m. dredging avi 

been done, 1,000,000 cub. m. used, &c. Thanks to 
these labours the ship canal now proceeds in an almost 
straight line from the Black Sea, with a depth of about 
20 ft. as far as Sulina, where the depth in the year 1856 
only amounted to 8 ft., so that the capacity of vessels 
able to enter the Sulina area has been raised from 
500 tons to 4,000 tons. It will appear from these figures 
that it would entail an immense expenditure to create 
the much-desired Central Euro waterway, deep 
enough to enable 1,000-ton vessels to proceed from the 
No Sea or the Baltic into the Black Sea without 


reloading. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, September 13. 

REPRESENTATIVES of the Allied Nations have been 
scouring the market for opportunities to place orders 
for shell, steel and other products ; the contracts recently 
P are estimated approximately at 100,000 tons. 

he Steel Corporation on September 1 had on its order 
books 9,660,350 tons of orders. Much new business is 
being offered. Bessemer and open-hearth steel are in very 
urgent demand. Russia has closed an order this week for 
4,000 cars. The same Government is in the market for a 
large tonnage of rails, The demand forstructural material 
which recently developed still continues—upwards of 
50,000 tons of shapes will be arranged for this week. A 
shortage of ore supply is threatened this winter; even 
during the summer months the entire production is 
absorbed. Lake shipments this season, 39,215,000 tons. 
Lake freights have advanced. The blast-furnace 
industry is turning out pig-iron at the rate of 38,150,000 
tons a year. During the past week 60,000 tons of billet 
steel were sold for export. Semi-finished steel is becoming 
scarcer. Sheet-makers are unable to meet current inquiries 
satisfactorily. The tin-plate mills are urged to book 
business for next year’s delivery. Mills everywhere are 
driven to the limit of capacity. Pennsylvania mills have 
been obliged to refuse orders for 45,000 tons of shell 
bars, and also 20,000 tons of ship-plates for Japan and 
Italy. Domestic manufacturers are pressing hard for 
deliveries. Railroads are having more difficulty in 
placing orders for track supplies after July, 1917. Large 
extension of steel-making capacity continues to be under- 
taken. The general impression in steel trade circles is 
that the pressure for material of all kinds will continue 
unabated, and that under the increasing capacity now 
being rapidly developed means will be found to meet the 
increasing demand, which at present seems beyond the 
ability of the country to meet it. The country has been 
surprised at its ability to take care of domestic and 
foreign demand, and there is no doubt that enterprise 
will be sufficient to meet the great bulk of requirements 
which will be presented to it during the coming year. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal.—There are very heavy inquiries 
for all classes of house coal, and the better qualities are 
wanted both for the home and the country trade. Good 
tonnage is available, but there are no surpluses to place 
to stocks. For the inferior classes in this section the 
inquiry is on a large scale in view of the great demands 
for gas-making purposes both at home and abroad. 
For France and Italy fully 25s. is offered at pit for 
gas-making fuel, and collieries are eager to do business 
at this remunerative figure. A firm tone characterises 
the market for manufacturing fuels. Works, railways, 
and other large industrial undertakings are asking for 
maximum deliveries, and the total output of the col- 
lieries is absorbed from day to day. As has been 
stated at a number of company meetings recently held, 
there is a good deal of slack working on the part of 
South Yorkshire miners, and this limits the quantity of 
coal placed on the market. There is a none too plentiful 
onal of best steam hards, and works are gratified 
when they secure sufficient to meet their daily require- 
ments. Cobbles, nuts, and slacks are freely sought. 
Cokes of all descriptions maintain their customary 
strong position. Quotations:—Best branch hand- 
picked, 20s. 6d. to 21s. 6d.; Barnsley best Silkstone, 
17s. 6d. to 188. 6d.; Derbyshire best brights, 17s. 6d. 
to 18s. 6d.; Derbyshire house coal, 16s. to 17s.; best 
large nuts, 15s. 6d. to 16s. 6d.; small nuts, 15s. to 16s. ; 
Yorkshire hards, 16s. 6d. to 17s. 6d. ; Derbyshire hards, 
16s. to 17s.; best slacks, 12s. to 13s.; seconds, 10s. 6d. 
to lls. 6d.; and smalls, 8s. to 9s. per ton at pit. 


Iron and Steel.—Sheffield industries are, with only 
minor exceptions, continuing to work at the maximum 
pressure, though this week-end will mark a notable 
change. Commencing —— evening, the munition 
workers will enter upon their long-postponed holidays, 
and they will be released from the toil of the shops until 
the following Tuesday morning. The privately con- 
veyed opinion of the authorities to the heads of the large 
firms is that the workers have well earned their respite. 
There are no outward signs of any striking trade develop- 
ments, and works managements are well content to 
enjoy the present period of smooth working so long as 
the full output is maintained. A revival in the foun 
iron business is reported from certain districts in Sout: 
Yorkshire, but it has not spread to this city, for here the 
market is featureless. Few, if any, large contracts are 
being placed, and the great proportion of the trade that 
is done is with the heavy foundries and the engineering 
shops. Satisfaction is felt at the consistent regularity 
with which the supplies of hematites continue to arrive. 
Deliveries now more nearly approximate to local require- 
ments than they have ever done since the outbreak of 
war, though there is as yet little opportunity for works 
to lay in stocks. Basic steel is dear and scarce. Billets 
cannot be had in sufficient quantities, and the few 
American deliveries which have arrived are so much 
below the standard of the home productions that they 
cannot be worked except at a sacrifice. No reliance is 
placed on the Swedish sources of basic steel, and the 
tonnage received is now a negligible amount. Wire- 
workers are fully employed, but the expected has 
happened in the stove grate trade, and the workmen 
both in Sheffield and in Rotherham are on short time. 
Yet the workmen have an application before the Com- 
mittee on Production for a substantial increase in wi 
The light casting trade is also experiencing a period of 





slackness, due in a large measure to the almost total 
suspension of the ordinary building trade. Cutlery 
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manufacturers have more orders than they can cope 
with, but they have to release more men for the army. 
Swordmakers are finding the demand falling off in con- 
sequence of the reduction by the War Office of their 
requirements by two-thirds. All other Government 
work has an increasing tendency. Recent contracts are 
for knives, forks, clasp knives, tools, bill and reaping 
hooks, railway plant, railway wagons and parts, boilers 
and fittings, and iron and steel. The severer application 
of the restrictions governing the overseas business 
increases the difficulties confronting manufacturers, but 
they still make headway. Indents have been received 
for files, saws, sheep shears, pruning hooks, tools, steel, 
springs, and electro and silver plate. 


Yorkshire and Other Trade Matters.—Some important 
observations were made at the annual meeting at 
Sheffield on Monday of the Sheepbridge Coal and Iron 
Company, Limited, of Chesterfield. The chairman, Mr. 
Frederick Fowler, stated that the net profit for the 
year was 205,891/. ls. ld. which, with the balance of 
44,0691. 12s. brought forward, made 249,960/. 138. 1d. to 
dispose of. The dividend at the rate of 15 per cent. was 
very gratifying. Despite these satisfactory figures, a 
decreased output had to be recorded, mainly owing to 
2,600 miners having joined the colours. Large supplies of 
coal have been sent to France, owing to the rhea § occu- 
—= of French coalfields. A serious matter had yet to 

faced, and that was the after-war position. It would 
require a most careful handling for there would be such 
disturbances in the labour market caused by the effects of 
the war—the high wages the workmen had been quite pro- 

rly earning and the high profits colliery companies had 
een making —that when there was a return to the normal 
state of things a conciliatory spirit would have to prevail 
on all sides if disaster was to be averted. If there were 
strikes and great industrial disturbances it might end in 
the Germans capturing our trade and not us the German 
trade. Lord Aberconway regretted there had been a 
great diminution in output of both coal and iron of 
fully 20 per cent., due to the number of miners who had 
entered the army and also to the undesirable habit 
certain workmen had of “slacking.’”” The wages paid 
were about the same as last year, which meant that a 
considerably less turnover had been made by the work- 
men for the same remuneration. What was required by 
all was a full and patriotic sense of responsibility, for 
every falling away from the normal output hampered 
the progress of the army. As to the future of the trade, 
that was obscured by the war situation. 


John Brown and Co., Limited.—Lord Aberconway, 
who presided at the annual meeting of Messrs. John 
Brown and Co., Limited, of Sheffield and Clydebank, 
which was held in Sheffield on the 26th inst., stated that 
whilst they could not discuss, during the war, details of 
their great undertaking, when it could be fully described 
it would form one of the most remarkable chapters of 
British industry. Their work at present was practically 
solely for the army and navy, but when the war was 
over they anticipated a great demand, which they were 
prepared to meet, for merchant tonnage. All were work- 
ing strenuously, except in the collieries, where 
absenteeism was largely responsible for the increased 
cost of coal. Colonel Firth denied the existence of the 
armament ring which was alleged at the meetings of the 
Engineering Section of the British Association. Nor 
had armament firms refused to accept outside help as 
had been stated. The reverse was the case: they had 
sought it. 





AFRICAN COAL ON THE Pacrric Coast.—According to 
a German shipping paper, negotiations are pending for 
starting a regular steamer line after the war between 
South America and South Africa, proceeding from 
Iquique. On the outward trip nitrates are expected to 
form the principal cargo, and coal from South Africa on 
the return trip. 





Tae WorxLD’s PetroLteum.—The production of crude 
etroleum throughout the world last year was 426,892,673 
arrels. This beats the record output of 1914 by 
28,194,307 barrels, or 7 per cent. The greater part of 
the increase was contributed by the United States and 
Mexico, although Russia, Argentina, and Japan also 
recorded small advances. Last year’s output of the six 
verge: petroleum-producing countries was :—United 

tates, 281,104,100 barrels ; Russia, 68,548,062 barrels ; 
Mexico, 32,310,508 barrels ; Dutch East India, 12,386,808 
barrels; Roumania, 12,029,913 barrels; and India 
(including British Borneo), 7,400,000 barrels. 





AMERICAN SHIPBUILDING.—At the commencement of 
August there were 389 merchant ships, representing an 
aggregate displacement of 1,260,978 tons, in course of 
construction in American shipyards. At the com- 
mencement of July the corresponding number under 
construction was 385, of an aggregate displacement of 
1,225,784 tons. Orders for seven ships were placed in 
July, and three ships were completed. Of the 389 steel 
merchantmen which were being built at the commence- 
ment of August, 340, of an ate displacement of 
1,004,523 tons, are to be fated during the present 
fiscal year (1915-16). The launching of a first vessel 
from the Chester Shipbuilding Company’s yard, Chester, 
Pennsylvania (the old Roach yard) has just taken place. 
The vessel, which was named the Malmanger, is all 
steel, and is 401 ft. long by 54 ft. beam. She is to be 
propelled by Westinghouse geared turbine engines with 
three Scotch boilers, developing 3,000 h.p. The Penn- 
sylvania Shipbuilding Company’s yard at Gloucester, 

ew Jersey, is ag nen. and the first 
keel has just been laid. © company has contracts 





for six 7,000-ton tankers, and two 12,500-ton freighters, 
all for Norwegian firms. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—There is nothing to report 
in connection with the pig-iron warrant market, the 
conditions of stagnation being still the most notable 
feature. The stocks in store remain at about 1,000 tons, 
as last week. 

Scotch Steel Trade.—Like all other branches of industry 
closely connected with war work, the local steel trade 
continues in a state of activity probably entirely unknown 
in pre-war times ; indeed, so overwhelming is the pressure 
for material of one kind or another, required both by 
our own and the Allied Governments, that manufacturers 
are finding the greatest difficulty in supplying the 
demands of these customers. Directly or indirectly all 
the steel at present being produced in the West of 
Scotland is immediately being swallowed up by the 
Ministry of Munitions or Admiralty contracts, and with 
this, not only is home mercantile business completely 
“ off,” but export also, except for war purposes. Despite 
numerous inquiries no steel is being rolled for export 
except that which goes to France, while in the home 
market consumers, considering the difficulty of delivery, 
are gradually ceasing to make inquiries for steel. 
‘Discard ”’ steel, and not much of that, is the only material 
of the kind that any of the manufacturers have for 
disposal. Steel for shell bars is still a. heavy item of 
production. No change in price has taken place during 
the week. 


Malleable Iron Trade.—There is no diminution of 
activity in the. malleable iron trade, and alike in the 
iron-and the. steel departments the manufacturers are 
struggling with a pressure of work which keeps them 
constantly occupied and will continue to do so for many 
months. It is quite probable that in the near future it 
may be possible to procure better supplies of raw material, 
the freight market showing an easier tendency during the 
past week. ‘‘Crown’’ bars keep steady at the rate 
quoted a week ago—14/. 5s. per ton net f.o.b. 


Scotch Pig-Iron Trade.—The abnormal demand for all 
grades of pig-iron continues, nor shows any sign of 
slackening off. Consumers’ works in the West of 
Scotland absorb the makers’ entire output, in consequence 
of which little or no stock can now be accumulated. 
This, of course, is all being required for war purposes, 
practically the only work at present being undertaken. 
Very little export business is being put through, licences 
being granted only with the utmost reluctance. At the 
moment rumour is busy with a report that the export of 
pig-iron will be entirely prohibited, but so long as the 
present licensing system gives the supreme control to 
Government it is not likely that any change will be 
made. Prices still keep firm. 

Purchase of Leith Shipbuilding Yard.—Through 
negotiations conducted by Messrs. James Little and Co., 
the well-known Glasgow shipowners, shipbrokers and sale 
purchase brokers, the shipbuilding and _ engineeri 
works owned by Messrs. Hawthorns and Co., Limited, 


Leith, have passed into the-possession of Messrs. C. and } f 


H. Crichton, Limited, of Liverpool, and Messrs. James 
Little and Co., Limited, Glasgow, the latter firm having 
associated. with them a private shipowning company of 
which they are the managi nts. The premises at 
Leith are well camer. including a shipbuilding yard 
with seven building. berths and first-class launching 
facilities and thoroughly up-to-date engineering sheds. 
In addition to shipbuilding operations on a rather 
extensive scale, the new proprietors expect to do very 
considerable business in ship-repairing. The new 
amalgamation has wide ramifications, the firms associated 
in the combine having varied and extensive interests. 


Pather Iron and Steel Dividend.—As showing the extra- 
ordinary amount of business which has been overtaken 
in the local steel industry during the past year it is 
interesting to quote that the directors of the Pather 
Tron and Steel Company, Wishaw, have just declared an 
actual dividend of 10 per cent., making 17} per cent. for 
the year. Twelve months ago, a loss of 2,321/. was shown 
by the accounts—now, after squaring everything, it has 
been possible to carry forward a credit balance of 1751. 








Tue KonecssBere Works, Norway.—The Norwegian 
State, which owns these famous old silver mines and 
works, is.contemplating several extensions; it is pro- 
posed to Frere the Gamlebro falls and to regulate the 
Laagen. The height of the falls is 14m. and the capacity 
is calculated at 4,000 h.p. 





Western Avstratia.—A supplementary Loan Act 
passed in December, 1915, authorises the raising. by 
loan of 1,245,0001. for public works. - The chief items of 
the proposed expenditure are :—Railways and tram- 
ways, 495,000/.; harbours and rivers, 107,000/.; water 
supply and sewerage, 130,000/.; and agricultural 
development, 102,001. 





Tue Farapay Society; GENERAL Discussion ON 
“Rerracroriges.”—The Faraday Society will hold a 
general discussion. on “ Refractories’? at their first 
autumn meeting, the date of which is provisionally fixed 
for Wednesday, November 8, 1916. e discussion will 
be presided over by Sir Robert Hadfield, F.R.S., president 
of the society, and the opening paper will be read by 
Dr, J. W. Mellor, of Stoke-on Trent. Suggestions .are 
invited from those specially interested in ‘the subject as 
to any particular oqpests which they would like ventilated 
or discussed, and those who are desirous of contributing 
to the discussion or who wish to show any exhibit at the 
meeting are invited to communicate with Mr. F. 8. 
Spiers, of- the -Faraday- Society, 82, Victoria- 
street, Westminster, 8.W. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLEsBROUGH, Wednesday. 
The Cleveland Iron Trade.—Cleveland pig-iron is 
rather omg but prices keep steady and firm. Sales 
to Scotland have practically ceased for the present, 
customers north of the Tweed having satisfied their 
needs to the end of October, which is as far ahead as 
they are permitted to purchase. Local foundries are 
in the position of having arranged for substantial 
deliveries up to the end of the year. Buyers of Cleve- 
land iron are showing more disposition to trade direct 
with makers and thus save merchants’ commission, not- 
withstanding that the former’s terms are cash and the 
latter’s credit. For home consumption No. 3 Cleveland 
pig,’ No. 4 foundry, and No. 4 forge are all. quoted 
87s. 6d., and No. 5 is put at 91s. 6d. As regards forei 
trade, business with neutral countries is still impossible. 
A fair amount is doing with France, and Italy, though 
still drawing most of her supply of pig from America, 
is buying in this market to some extent. Negotiations 
with Russia for shipment to that country, via Norway 
are proceeding. Merchants here are interesting them- 
selves in the sale of American iron to Scandinavia, and 
some cargoes have already been delivered. to Denmark 
at high figures. Any Middlesbrough warrant iron that 
comes on the market for prompt shipment, readily 
realises 100s., though the recognised export market 
quotation of No. 3 Cleveland is 97s. 6d., and makers are 
understood to be still selling to France at a little below 
that figure. No. 1 is 102s. 6d. ; No. 4 foundry, 96s. 6d. ; 
and No. 4 forge 95s. 6d. for shipment abroad. 


Hematite Iron.—Conditions continue unfavourable to 
the transaction of new business in East Coast hematite 
iron. Stocks are practically nil and makers are sold 
well forward. Supplies on running contracts, however, 
are fairly well maintained, though some producers are 
in arrear with deliveries. Nos. 1, 2 and 3 remain at 
122s. 6d. for home use and for shipment to France, and 
140s. and upward for general export. 


Stocks and Shipments of Pig-Iron.—Stocks of pig-iron 
are low and continue to be drawn upon to some extent. 
The quantities in makers’ yards are mostly disposed of, 
and the stock of Cleveland pig in the public warrant 
stores here is approaching vanishing- point, standing 
now at only 13,630 tons, of which 13,594 tons are No. 3 
quality, and 36 tons other kinds of iron deliverable as 
standard. Since the beginning of the month 2,055 tons 
of No. 3 and 350 tons of standard iron have been with- 
drawn from the warrant stores, a total reduction of 2,405 
tons. Shipments of pig-iron from the port of Middles- 
brough for the month of September promise to be 
returned at over 40,000 tons. For the previous month 
they. reached 49,912 tons, and the clearances for Sep- 
tember last year were officially given at 28,593 tons. 


Output of Pig-Iron.—A good deal of idle plant is now 
quite prepared for re-starting, and an increase in the 
production of pig-iron by.the blowing-in of additional 
urnaces at an early date is confidently expected. 


Coke.—Coke continues in very good request for local 
use, and quotations are well maintained, though require- 
ments are met by a much more than ample supply. 
Average blast-furnace kinds keep at 288. at the ovens, 
and up to 30s. 6d. at the ovens is still asked for qualities 
low in phosphorus. 


Foreign Ore.—The very large supplies of foreign ore 
that are steadily coming to hand enable consumers to 
add considerably to their already heavy stocks. Imports 
to Middlesbrough for September are well over 200,000 
tons. 


Manufactured Iron and Steel.—There are a large 
number of ordinary commercial inquiries in the market, 
but they attract little attention, so busily employed on 
Government work are manufacturers. Prices all round 
are very firm. The following are among the principal 
export quotations :—Common iron bars, 17s. 6d. ; 
iron ship plates, 13/. 10s. to 142. 10s.; iron ship angles, 
131. 15s.; steel ship plates, 14/. 5s.; steel ship angles, 
1ll. 2s. 6d.; steel » A ves (singles), 18/. 15s. ; steel sheets 
(doubles), 197. ; steel joists, 111. 2s. 6d.; and heavy steel 
rails, 11/. 58. Maximum prices to home buyers are: 
Common iron bars, 131. 15s.; best bars, 14/1. 28. 6d. ; 
best best bars, 14/1. 10s.; steel ship plates, 11/. 10s. ; 
steel ship angles, 11/. 2s. 6d.; steel joists, 11/. 2s. 6d., 
and heavy steel rails, 10/. 17s. 6d. Among other quota- 
tions for home use are: Packing iron and steel (parallel), 
1ll.; packing iron and steel (tapered), 13/. 58.; steel 
bars.(no test), 141. 10s.; steel hoops, 16/. to 161. 10s. ; 
and steel strip, 171. ‘ 





American Tin-PLates.—There was a heavy produc- 
tion of tin-plates in the United States last year. The 
output for 1910 was 1,450,821,000 tons; for 1911, 
1,597,629,000 tons; for 1912, 1,965,659,000 tons; for 
1913, 1,708,186,000 tons ; for 1914, 1,939,785,000 tons ; 
and for 1915, 2,201,825,054 tons. 





Germany’s Export or Irnon.—German iron works 
have informed their Danish customers that all export 
of iron from Germany would cease from the beginning 
of September. The stoppage was stated only to be 
temporary, but, on the other hand, no intimation was 
given as to how long it was likely to last. The cause 
was probably shortage of rolling stock, some being 
wanted for mili and other purposes, and there is no 
reason to believe that there is to be a new departure in 
connection with the German export trade. © supply 
of German iron has been very irre during the war, 
and there have been periods when it has almost come to 
a standstill. 
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NOTES FROM THE SOUTH-WEST. 

Cardi ff.—Less coal is being required by the authorities. 
and arrears in deliveries for vessels in dock have been 
made up to some extent. Buyers have been anticipati 
that coal will be more easily obtainable in the course o 
a few days, and they have accordingly been asking for 
concessions in prices. ‘The authorities Lave been keeping 
a ve hold on export licences for neutral countries ; 
middlemen holding supplies bought on contract at much 
lower prices have been willing to make reductions; and 
values have been unsettled for most classes of large 
and smalls. . House coal has continued scarce and prices 
have shown hardly any cha ; patent fuel and coke 
have fully maintained late prices. The best Admiralty 
large steam coal has been, to some extent, nominal ; 
secondary qualities have made 43s. to 45s. ; Monmouth- 
shire Black Veins, 44s. to 45s. ; ordinary Western Valleys, 
43s. to 44s.; Eastern Valleys, 40s. to 42s.; best bunker 
smalls, 30s. to 31s. and cargo smalls, 20s. to 25s. per ton. 
In bituminous coal, best households have made 258. 6d. 
to 26s. at the pits; No. 3 Rhondda large, 42s. to 44s. ; 
smalls, 32s. to 33s.; No. 2 Rhondda large, 34s. 6d. to 
35s.; and No. 2 smalls, 25s. 6d. to 26s. per ton. The 
latest quotation for patent fuel has been 448. to 46s. per 
ton. Special foundry coke for export has brought 
62s. 6d. to 65s.; good foundry coke, 60s. to 62s. 6d. ; 
and furnace coke, 50s. to 55s. per ton. 


Western Trade Matters.—The first interim dividend of 
the Town Line, Limited, for 1916-17, is 5 r cent., 
free of income-tax, payable in October. A final dividend 
of 10s. per ordinary share is to be paid for 1915-16; this 
makes a total distribution of 25 per cent. for the year, 
2,747. bei carried forward ; no less than 47,0001. has 
been set aside to meet the excess profits duty and income- 
tax. Including the amount brought forward from 
1914-15, there was a balance of 83,3371. available for 
dividend; the final balance carried to the credit of 
1916-7 was 2,747/.—The Western Counties Shipping 
Company divided at the rate of 20 per cent. for 1915-16, 
carrying forward 3,550/.—Lord Milner expresses his 
opinion that before a price limitation scheme can be 
proposed for coal, employers must be safeguarded against 
any further demands for increased miners’ wages, and he 
states that he has had little encouragement from the 
men’s leaders at present to induce him to suppose that 
any guarantee can be given upon the subject. This 
appears to be a vital admission.—The directors of the 
Cardiff Channel Dry Docks and Pontoon Company, 
Limited, recommend an interim dividend for the six 
months ending September 30 at the rate of 6 per cent. 
per annum.—The South Wales branch of the British 
Empire Union, which has for its object the imperial 
consolidation of the Empire and the development of 
trade and commerce within the Empire and with our 
Allies, has received considerable support from leading 

ublic men, and now that winter is approaching it has 
mn decided that mass meetings shall be held in the 
important centres of South Wales; considerable pro- 
anda work has already been done.—The directors of the 
ort Talbot Graving Dock and Shipbuilding Company, 
Limited, recommend a dividend of 10 per cent., free of 
income-tax, for 1915-16; a similar distribution was 
made for 1914-15.—The dividend of the Tempus Shipping 
Company, Limited—which is under the management of 
Messrs. Seagler and Co., Cardiff—recommend a dividend 
of 20 per cent. (1/. per share) for 1915-16, free of income- 
tax.—Lord Rhondda is promoting an inquiry into the 
probable position of the coal trade after the war; the 
inquiry is proceeding A gar exhaustive lines and important 
results are anticipated.—Several disputes in the South 
Wales coal field have been settled by a joint committee 
appointed by the Conciliation Board. Consideration of 
a continued stoppage at the Gelli colliery, owing to the 
workmen concerned having declined to accept the terms 
of a settlement made in August, 1914, has been adjourned 
until: October 5.—Steamers arriving too late to begin 
loading coal for France in September are to rank first 
against licences extending from October to December.— 
At a meeting of anthracite miners at Swansea on Satur 
day, Mr. J. D. Morgan (agent) stated that arrangements 
had been made for the release from the army of about 
17,000 miners now in military camps in order that the 
men might return to work in the mines, which are now 
suffering from shortage of labour, while a larger output 
is required both on home account and for our Allies.—At 
a meeting at Swansea on Saturday it was decided to call a 
conference with a view to gg | fora repeal of income- 
tax upon wages.—On Monday the wages of Forest of 
Dean colliers were advanced a further 10 per cent., 
pursuant to a decision arrived at by associated coal 
owners and the men’s trade union wage committee.— 
On Saturday the Cardiff rdians decided to refuse to 
ay the additional 2s. 6d. per ton authorised by the 
Board of Trade to be charged on coal supplied since 
June. 





SHIPBUILDING IN GeRMANY.—The Flensburg Ship- 
building Company has, for the year 1915-16, earned 
net profits of 653,662 marks, against 794,452 marks for 
the previous year. The dividend was again. fixed at 
10 per cent. The report states that the pe pny has 
more orders in hand than a year ago and will be fully 
employed for a long time to come. 





Price or Coat (Limrration) Act, 1915.—As has been 
stated on more than one occasion in the House of Com- 
mons, an application has been made to the Board of 
Trade by the Forest of Dean Joint Minimum Wage 
Board for an increase in the standard amount under t 
Price of Coal (Limitation) Act as respects the mines in 
their district. This application is now receiving the 
consideration of the Department. 
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THE ACCIDENT TO THE QUEBEC BRIDGE. 


(For Description, see Page 304.) 
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Fie. 1. Centre Span AFLOAT, READY FOR BEING TOWED INTO PosITION. 














Fic. 2. CentTrRE SpAN NEARLY IN PosITION FOR LIFTING. 








OE Se OE 
Fx ep sBy, * 
' ~e 4 De a 


phecitte me ‘ ey 





Fic. 3. Contapse or CENTRE SPAN. 


; 
Zi» 


JAY" 






eee} 


A Aa / 








ENGINEERING, SepremBer 29, 1916. PLATE XXVI. 





—<—<—< 





DETAILS OF LOCOMOTIVES, CLASSES “K4S” AND “L1S;” 
PENNSYLVANIA RAILROAD. 


MR. J. T. WALLIS, GENERAL SUPERINTENDENT OF MOTIVE POWER, 


(For Description, see Page 295.) 



























Fig.170.sec.c.c. LOOKING BACKWARD. fig. 171. SEC. 8.8. LOOKING FORWARD. 
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FINANCIAL FACILITIES FOR TRADE. 

THERE has just been issued the report of the 
Government Committee appointed “to consider 
the best means of meeting the needs of British firms 
after the war as regards financial facilities for trade, 
particularly with reference to the financing of large 
overseas contracts, and to prepare a detailed scheme 
for that purpose.” The Committee have been prompt 
in carrying out their work and their decision in 
favour of a trade credit bank, if effectively carried 
out, will profoundly influence the future course of 
British trade. The Committee consisted mostly of 
important members of the directorates of English 
joint stock banks, and it is of great significance 
that the result of their considered judgment is to 
advocate the establishment of such a bank, thus 
fully and finally endorsing the numerous complaints 
of traders that the present system of English joint 
stock banking did not by any means afford the 
fullest financial facilities that the trade of the 
Empire demanded. We have time and again tried 
to demonstrate this deficiency in our commercial 
organisations and have shown that in consequence 
of this lack of support the foreign banks, which 
established branches in this country and in various 
parts of the world where British manufactures 
sought markets, were able to obtain a large influence 
over British trade. The outbreak of the present 
European war brought home to us the full realisation 
of the extent and power thus obtained. The imme- 
diate effect was to bring trade both at home and 
abroad to a standstill, and it became necessary for 
the British Government to give generous guarantees 
and devise many new and problematical measures 
for the support of our foreign trade during the war. 

Apart, however, from the great advantage now 
given to the project of a trade bank through being 
advocated by a body composed mainly of those 
who in the past have been, if not openly antagonistic, 
at least passive in their support, the report does not 
contain much more than the arguments which have 
always been used in endeavouring to obtain more 
liberal financial assistance for trade. Indeed, in 
some respects, for instance by omitting in its 
proposed programme all mention of assistance to 
shippers, it does not embrace some of the most 
prominent features which have been common 
practice in everyday transactions of the foreign 
bank. Moreover, the scheme of the proposed bank, 
instead of being prepared in detailed form as required 
by the terms of reference to the Committee by the 
President of the Board of Trade, is left, probably 


305 | purposely, very vague. The greater part of the 


report is devoted to quoting examples whereby, in 
the opinion of the Committee, the proposed bank 
might operate advantageously, and here again most 
of these are common knowledge and are daily 
carried out in the ordinary course of business by 
foreign banks. On the other hand, much is made 
of the care which must be exercised to avoid in any 
way injury to the business of the present banks. 
The very evident solicitude for conserving existing 
banking interests is in great measure due to the 
constitution of the Committee, and the same explana- 
tion is also applicable to the openly-expressed object 
of enabling the present banks to have great influence 
on the procedure of the new institution, which, 


judging from their past practices, may not materially 
assist its future development, but rather the re- 
verse. Thus the Committee, although they have 
boldly crossed the Rubicon, lay down restrictions 
which they consider would keep the scheme within 








F.|bounds. In this they display a lack of courage on 


the one hand, and a groundless fear, on the other, 
that the new institution would affect existing banks. 
On the contrary anything which deve’ >ns foreign 
trade must be advantageous to the whole banking 
interest. It is, for instance, suggested that the pro- 
posed new bank should not receive deposits at short , 
notice, and should only open current accounts for 
customers who undertake to avail themselves of its 
overseas facilities. Theeffect must disastrously limit 
the resources of the new bank, for it is obvious that if 
the new bank is not to be allowed to accept deposits 
at short notice and current accounts, it will be 
dependent almost exclusively on the extent of its 
capital. The Committee suggests the amount of 
capital necessary for the purpose for which the 
new project is to be created as 10,000,000/., not- 
withstanding that this trade bank is to support the 
whole volume and wide ramifications of British 
trade. Not content with this narrow view, there 
is the further remarkable proposal that only one- 
quarter or one-half of thissum should be offered 
for subscription to begin with, and that further 
issue should be made afterwards, “ if possible,” at 
a premium. 

Was there, we wonder, before the Committee a 
statement of the figures of the capital and reserves, 
together with those of the current and deposit 
account balances of the most important foreign and 
colonial banks undertaking similar work to that 
which is to be entrusted to this new British Trade 
Credit Bank, in order to allow them properly to 
apportion the necessary financial foundation for 
the scheme ? On what grounds they made their 
decision it is impossible to say, for if we take the 
figures of only six of the most important Continental 
banks trading in London immediately before the 
war, we realise how insufficient is a capital, to 
begin with, of 2,500,000/., with limitations in 
deposits. The figures of these six banks, given on 
the next page, show an average in capital and 
reserves of 17,300,000/. and in deposits and current 
account of nearly 50,000,000/.—together 67,300,000/. 
sterling. How far can 2,250,000/. combat the 
influences of such foreign undertakings, especially 
when it is remembered that the total of British 
imports and exports for 1913 amounted to 
1,400,000,000/.? Presumably the financing of some 
part of the transactions appertaining to this trade, 
as well as for its expansion, is to be the object of 
the new institution. As the foreign banks have 
the advantage of current and deposit account 
balances to such a great extent to assist them in their 
trade transactions, the denial of such liquid capital 
to the British Trade Bank must enormously handicap 
the latter. 

It is also unfortunate that on one of the most 
important points in connection with the establish- 
ment of the new bank the report is studiously silent, 
although the Committee were asked to prepare a 
detailed scheme. Nothing whatever is suggested as 
to whether, in addition to a central institution, 
presumably situated in London, a branch is to be 
established in every important industrial centre. 
Until this point is settled it is obvious that the 
whole scheme is in the air. Undoubtedly it is 
necessary, if the new bank is to have the weight and 
character which is proposed, that there should 
be many branches; in such case the difficulties 
attending the successful inauguration of the new 
project with the meagre capital suggested are 
immeasurably increased. While British traders are 
anxious for the advantages which a special trading 
bank would confer, they would doubtless prefer, 
instead of the crippled institution, some reform and 
development of the facilities afforded by the net- 
work of branches of joint stock banks with which the 
country is already covered. Could existing banks, 
by a rearrangement of capital and an alteration 
in their system of accepting deposits, not establish 
a trade bank department in connection with their 
most important branches ? Most of the greater 
banks have already established a foreign banking 
department, and although the arguments ordinarily 
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used against the formation of trade banks apply 
with equal force and weight against foreign banks, 
yet the foreign bank departments of English banks 
have undoubtedly had a beneficial effect on purely 
English business. Indeed it was because the 
foreign banks attracted English bank business that 
the latter were compelled in self-defence to enter 
their arena. In this respect it is to be noted that 
the new trade bank is also to be allowed to open 
foreign and credit departments, presumably because 
the existing banks have found these departments so 
lucrative. 

But there are immense advantages to be derived 
from a new trading bank with sufficient financial 
support and wide and broadly-interpreted ramifica- 
tions. The Committee strongly desire that the 
new bank should have all the support it can possibly 
get, and suggest that “ the new institution, without 
coming under Government control, should receive as 
much official recognition as possible.’ They 
emphasise their opinion that British officials abroad 
should place at the disposal of the new bank all the 
information in their power. This raises the whole 
question of our Consular service, which in the past 
has been most inefficient from the traders’ point of 
view, largely because the British representatives 
abroad are often foreign-born or trade rivals. 
It is a great pity that the report did not 
urge the reformation of this service, especially as 
until this is done no trade bank can possibly prosper 
to its full extent. The Committee may have felt 
that this was beyond their powers, but they should 
have more fully detailed the sources whence the 
trade bank is to get its assistance in foreign countries. 

Another defect in the report is the evident 
intention of the Committee to insist that the 
existence of the new bank is solely to make profits. 
All the examples given by them where the assistance 


Table Showing Financial Resources of Six of the Foreign 
Trading Banks with Branches in London. 








Deposits and 
—— _ urrent 
Account. 
Disconto Gesellschaft (eS 1 an00 000 } 33,000,000 
Dresdner Bank =< ry } 48,000,000 
Deutsche Bank : { ae mnllgg Me oen e00 \ 102,000,000 
Crédit Lyonnais... {capital .... 10,000,000 i} 70,000,000 
Société Générale... 4 =e ‘ ‘heen ou } 23,000,000 
Compt. Nat. ... { SoUrres’| seoooro00 i 20,000,000 
Total ... «| 103,500,000 | 296,000,000 


of the new bank is required, and the various sugges- 
tions as to the help it may be disposed to supply, are 
to be looked at solely from the point of view of 
profit to the bank. It is very apparent that 
if a trade bank is established on proper lines there 
is no doubt that it will be offered a plethora of 
profitable business, and be able to choose ultimately 
its risks. Its success will therefore be undoubted. 
If losses were made during the first few years of its 
inception, they would undoubtedly be recouped as 
its operations and strength grew. In view of such 
a contingency, the Government, as a matter of policy 
and Imperial interest, might guarantee a modest 
return on the capital for the first few years, on 
similar lines to those on which it recently under- 
took such a liability to assist British and Italian 
commerce. Indeed, it would almost seem that the 
bank should be a Government department, were it 
not for the unfortunate fact that if it were so it 
would speedily become enmeshed with red tape, and 
much of its usefulness would be lost. 

The proposal to institute an information bureau 
is certainly to be commended, .as the absence of 
such a department has in the past been a source of 
great danger and loss to the trading community. 
This raises the subject of the staff. The Com- 
mittee make valuable suggestions on this point. 
They would almost seem to have approached the 
question from the point of view of the ordinary 
employer, and to demand that applicants should 
possess proper qualifications. This is undoubtedly 
right, for in an institution of this class. it 
will be necessary always to have a staff specially 





trained in its various fields in order to carry on its 
work successfully. It would seem that the question 
of “ personality ” is recognised here to be of import- 
ance, a welcome change to the belief, largely held 
at present in banking circles, that great institutions 
with many branches have sufficient momentum torun 
by themselves, with the consequence that all branch 
business particularly is run by a system of rules 
which require much persistence in overcoming them 
in the interests of the trader. Every endeavour is 
to be made, it would seem, to ensure that the members 


of the staff of the new bank should continually be | 


in touch with the clientdle of the bank, and take 
every opportunity of associating with its customers, 
ascertaining the conditions of business and customs 
of foreign centres, in order to be able to advise 
traders and customers to the best advantage. 
Another proposed innovation is the reference to 
technical committees of projects where the special 
information of the members of such committees 
would be valuable. This is an important step in 
advance, and should materially benefit commerce. 

Altogether, the report distinctly marks an epoch, 
as it brings the proposal for a trade credit bank 
within the range of “ practical politics.” But for this 
very reason it is the more to be regretted that 
the proposed trade bank should be so seriously 
handicapped by the limitation of the capital to a 
comparatively infinitesimal sum, the recommenda- 
tion of limiting deposits and current accounts, due 
to obvious anxiety to avoid any appearance of 
encroachment on ordinary banking business, and 
to the nervousness as to trading profits. It cannot 
be too emphatically stated that the establishment 
of such a bank is of vital importance in the coming 
trade war, when every means must be employed to 
benefit the trade of the Empire, and that there is not 
the slightest doubt that if the whole project be 
boldly carried out on broad lines with adequate 
capital it will be a great and instantaneous success, 
and very materially contribute to the recapture by 
Britain of that part of the trade of the world which 
is our due and which has in the past been slipping 
from our hands. 





WATER IN COAL. 

Coat always contains some water, even if appar- 
ently dry. A distinction is frequently drawn 
between the “free water,” or accidental moisture, 
and the “ water in combination” held by the coal 
in some badly understood way. The demarcation 
line is anything but sharp, and it is impossible to 
remove all the free water without affecting the 
combined water; yet there are differences in the 
vapour pressures. But the term “‘ water in com- 
bination,” suggesting chemical combination, of 
which there is no evidence, is not well chosen. 
Conducting an investigation of the “‘ Properties of 
the Water in Coal,” on behalf of the United States 
Bureau of Mines, Messrs. Horace C. Porter and 
O. C. Ralston (Technical Paper 113) propose the 
term “inherent” water. Air-dried Appalachian 
coal, they find, contains about 2 per cent. of water, 
sub-bituminous coal up to 18 per cent. of water. 
The fairly dry coal is hygroscopic, and may re- 
absorb up to 7 per cent. of water when transferred 
from an atmosphere of 40 per cent. of relative 
humidity to an atmosphere of 75 per cent. Mine 
air, generally of about 40 per cent. of humidity, 
dries the coal; properly dried, powdered coal is 
decidedly hygroscopic. Superficially, coal further 
retains water during the washing process or when 
wetted, and that percentage depends largely upon 
the size of the particles; coal passing through a 
}-in. mesh will retain from two to seven times as 
much water as nuts of l-in. diameter; but those 
differences disappear with air-drying. 

The free water is determined by air-drying ; the 
inherent water (which has a vapour pressure less 
than the normal) is generally determined by drying 
1 gramme of air-dried powdered coal for one 
hour in a current of dry air at 105 deg. C. The 
method is open to objections ; for on the one hand 
even prolonged air-drying may leave in the coal 
several per cent. of moisture (it left 2.7 per cent., 
e.g. in the case of Wyoming sub-bituminous coal 
after 10 days of drying at 20 deg. C.), and, on the 
other hand, the high temperature of 105 deg. is not 
borne without some oxidation and decomposition 





of the coal. Hence desiccators (sulphuric acid or 
phosphorus pentoxide ; calcium chloride is unsuit- 
able) are often used in vacuo, and these same agents 
(especially sulphuric acid of various concentrations) 
were also resorted to by Porter and Ralston in 
determining the vapour-pressure curves of the 
water in coal. Samples of 100 grammes of pul- 
verised coal were kept in open bottles over sulphuric 
acid, the air being exhausted until the pressure was 
less than 5 mm. of mercury above the aqueous 
tension; thus the vapour tensions of the water 
in the coal and of the acid (of suitable dilution) 
would balance one another. With this procedure 
the coal would sometimes be hydrated and some- 
times be dehydrated, being itself more or less dry 
than the acid, and the vapour pressure would not 
be the same, for the same moisture percentage, 
at periods when the coal was being dried as at 
periods when it was being made more moist. The 
difference would partly be explained by the very 
slow rate of exchange of pressure near equilibrium, 
and the case is analogous to that of heating and 
cooling curves. There were also striking differences 
between different coals of the same water content 
of 3 per cent.,eg., a Virginia coal of this water 
percentage gave a normal water pressure, a Pitts- 
burg coal 83 per cent. of the normal, Illinois coal 
18, and Wyoming coal as little as 4 per cent. 
of the normal pressure; these coals would thus 
have very different rates of drying. 

Another effect studied was the heating produced 
when coal, dried, sometimes at 110 deg. C., or 
partly dried, was wetted with water. This thermal 
effect varied directly as some function of the 
relative vapour-tension deficiency just mentioned, 
and the two phenomena are interrelated. The 
effect was observed in a special calorimeter con- 
sisting of a nickel cup of 70 cub. cm. capacity 
paced in a Dewar-vacuum bulb. The Wyoming 
coal produced on wetting 19.2 cals. per gramme of 
dry coal, lignite from Dakota 25.5 cals., Illinois 
bituminous: coal 6.8 cals., Pittsburg coal (also 
bituminous) 1 cal. Accepting the specific heats 
of these coals which the same experimenters had 
previously determined, these amounts of heat 
liberated would, they point out, raise the tempera- 
ture of these coals by 43, 64, 20, 4 deg. C. respec- 
tively, assuming that no heat was lost. A sample 
of infusorial earth, similarly treated, gave 2 cals. 
per gramme, and Rodewald and Kattein had 
found 28.8 cals. in wetting wheat starch. The fine- 
ness of the coal did not appear to make any differ- 
ence in these high figures. On the other hand, it 
seems likely that, in wetting a coal, water would 
not be able to enter the completely dehydrated 
inner pores as readily as partly dehydrated larger 
pores, and remoistened coal might hold water so 
firmly that this water would practically not show 
any vapour pressure. It is interesting to note that 
toluene behaved, in such wetting experiments, 
very much like water; it also heated the coal, the 
Pittsburg coal even more than water, the Wyoming 
coal much less. Wetting with toluene also heats 
finely divided silica, we should add. 

These latter experiments with toluene throw some 
doubt on previous determinations, by H. C. Porter 
and G. B. Taylor, of the relative specific heat of 
dried and of undried coal. In those experiments it 
had been assumed that the mixing of dry coal with 
toluene (water was avoided) would have a very 
small and slow thermal effect. Messrs. Porter and 
Ralston now correct their former values, but con- 
firm their statement that the molecular heat of the 
inherent water is smaller than that of free liquid 
water; that conclusion seems to require further 
confirmation, however. 

In explanation of the various phenomena they 
suggest that a certain part of the coal substance is 
in the colloidal condition; that part, probably 
deposited at some stage as a colloidal gel from sus- 
pension in water, would be larger in the cretaceous 
coals and lignites than in the more highly meta- 
morphosed bituminous coals. The colloidal particles 
would retain the water in the peculiar state of the 
“inherent” water, and the heat produced might 
be due to the penetration of the liquid into minute 
capillaries and to the formation of a colloidal 
condition. We do not quite understand this last 
suggestion ; but it is generally understood that the 
complex adsorption effects are strong in colloids. 
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THE INSTITUTE OF METALS. 
(Concluded from page 288.) 
DEVELOPMENT OF THE SPELTER INDUSTRY. 


On members re-assembling at 8 p.m., Wednesday, 
September 20, the President called on Mr. Ernest 
A. Smith to read his paper entitled ‘‘ The Develop- 
ment of the Spelter Industry,” remarking that the 
question of zine production was one of national 
importance, and it would be gratifying if the In- 
stitute of Metals could make some really serviceable 
contribution to the subject. This was a very long 
paper, which would occupy some 25 columns of 
ENGINEERING, and covering the spelter industry 
from many points of view. It is quite impossible 
to deal with it in the form of an abstract. All that 
we can do is to give a list of the various headings, 
so that the general scope of the paper may be 
understood. These are (1) Historical Note, (2) 
Progress of the European Zinc Industry, (3) Pro- 
gress of the American Zinc Industry, (4) Asiatic 
Zinc Industry, (5) Present-Day Zinc-Smelting 
Centres and Output of Spelter, (6) Zinc Market, 
(7) The Spelter Convention, (8) Ores of Zinc, (9) 
European Sources of Zinc Ores, (10) American 
Sources of Zinc Ores, (11) Australian and Other 
Sources of Zinc Ores, (12) European Zinc Ore Trade, 
(13) The Metallurgy of Zinc, (14) Treatment of 
Zinc-Bearing Complex Ores, (15) Smelting Zinc- 
Bearing Complex Ores, (16) Electric Smelting of 
Zine Ores, (17) Hydro-Metallurgical Processes of 
Zinc Extraction, (18) Industrial Applications of 
Zinc, and (19) Future of the Zinc Industry. It 
will be seen that the discussion turned very largely 
upon the flotation processes in use in Australia and 
upon the preparation of crucibles and retorts. 
These two subjects formed only a very small propor- 
tion of the paper itself, and were not dealt with in 
it at any very great length. 

Mr. H. K. Pickard opened the discussion. He 
remarked that, in respect particularly to the flota- 
tion treatment of ores, the paper was hardly up to 
date due, no doubt, to the circumstance that it was 
written nearly twelve months ago. For instance, 
Professor Bacon had been quoted by the author as 
saying, in 1915, that “ the great problems at present 
in the metallurgy of zinc are in concentration of the 
ore and in the treatment of flotation concentrates.” 
The speaker disagreed ; concentration of the ore 
was one of the least of the problems in connection 
with the metallurgy of zinc; flotation had settled 
the difficulty for good. Professor Bacon might, 
however, have referred to oxidised ores, but the 
speaker scarcely thought so, judging by the words 
“treatment of flotation concentrates.” In pre-war 
times Broken Hill had, by means of flotation con- 
centrates, been able to satisfy one quarter of the 
zine requirements of the world, an effective answer 
to Professor Bacon’s suggestion. The speaker 
regarded as at least ambiguous the author’s observa- 
tion that, “‘in addition to concentrate suitable for 
smelting, the flotation processes produce a certain 
amount of slime, the metallurgical treatment of 
which is the great problem of smelters at the present 
time.” The flotation process did not produce slime, 
although capable of concentrating slime; indeed, 
this was perhaps its chief virtue. In most concen- 
tration processes it was necessary to remove the 
slimes from the crushed ore and deal with the sand 
section separately. The flotation process would 
concentrate sands and slimes together with higher 
net recovery of metal in the form of concentrate 
than in the case of other known system. He 
would go so far as to say that he believed any zinc 
blende ore at all amenable to concentration would 
yield 95 per cent. of its value in high-grade con- 
centrate suitable for smelting. The fact that Con- 
tinental zinc smelters had been able to deal with 
the large quantities produced from Australia, 
always containing a certain amount of slime, did 
not suggest that slimy material presented problems. 
The author remarked that metallurgists were 
“making every effort to find a solution to the 
commercial treatment ”’—of flotation concentrates 
presumably—but the speaker would say that the 
Germans had done this with all zinc concentrates. 
He did not regard as correct the author’s statement 
that German smelters preferred zinc ores containing 





sufficient lead and silver to yield a residue which 
could be sold to lead smelters. The zine blende 
in the concentrates carried a certain amount of 
silver, to recover which a certain amount of lead 
must be present. The flotation processes producing 
these concentrates might produce a concentrate 
almost free from lead. The German smelters, how- 
ever, called for a concentrate containing 8 per cent. 
of lead, the lead, obviously, to act as collector for 
the silver. Silver being present, they required the 
lead. If it were a question of plain zinc smelting, 
the speaker did not suppose zinc smelters would 
desire a concentrate with lead. The speaker could 
confirm the author’s reference to Mr. Moulden’s 
statement that he had successfully treated by dis- 
tillation zinc ores containing 20 per cent. of lead. 

The speaker had been connected with the 
briquetting process for zinc lead ores, treating 
several thousand tons of lead slimes (without 
sands), the average yield being 25 per cent. 
zinc and 25 per cent. lead; no trouble arose 
from the presence of lead. Further confirma- 
tion was contained in an article by Mr. Theo. 
Hoover (Mining Journal, August 13, 1910), in 
which mention was made of the treatment of some 
600 tons of ores containing 24.38 per cent. of lead. 
The writer of the article stated that by briquetting 
he obtained 33 per cent. more ore in the retort than 
by loose charging, the destruction of retorts being 
less than with ordinary zinc smelting. The briquet- 
ting operations to which the speaker had referred 
were not a commercial success, the price of metals 
at about that time (1901) being so extremely low as 
to leave little profit. A plant adapted for carrying 
out the process was, however, erected in Australia. 
It was the first zinc plant put up in that country, 
and difficulties incidental to the starting of a new 
industry prevented any marked success, while the 
development of the flotation process, giving zinc 
concentrates more or less free from lead, removed 
the occasion for treating mixed products. The 
author had referred to the limits of iron approved 
by zine smelters, but with briquetting the quantity 
of iron was of no consequence. Ores containing 20 
per cent. of iron had been satisfactorily treated 
by Americans, as had also those containing lime 
and fluorspar, and all kinds of modified briquetting 
processes were used in America. 

With regard to new plants to deal with the British 
Empire supply, the speaker considered that the 
author had laid down the essential conditions when 
dealing with present-day zinc-smelting centres, 
Zinc works could not be dumped upon just any site 
if success were to be achieved. The industry had 
developed in Australia in spite of climatic condi- 
tions. He believed the Proprietary Company had 
found sources of suitable clay, although he remem- 
bered when half the clay had to be imported from 
England. Clay for retorts needed special qualities, 
and although two clays might be practically alike 
on analysis, it would not follow that each was 
equally good for the manufacture of zinc. He 
considered, from personal experience, the climatic 
conditions of Australia adverse to the industry 
if carried on by the ordinary retort process. With 
regard to the wet processes, electrolysis of zinc 
sulphates was not altogether easy; the purity and 
strength of the solutions had to be considered, but 
to get purity was not beyond the skill of the chemist, 
and, generally, the earlier difficulties were being 
overcome. He disagreed with the suggestion that 
work at Anaconda was still in the experimental 
stage ; as a fact some 2,000 tons of ore were being 
treated daily by the flotation process, and he 
imagined that the amount of concentrates treated 
by electrolysis was considerable. As to the 
future of the zinc industry, he could only hope 
that, with the assistance of the Government and 
private enterprise, this empire would hold its 
own. 

Dr. Robert Mond stated that he was not a zinc 
smelter, although he had done some zinc mining 
in North Wales and had followed the flotation and 
other separating processes in endeavouring to get 
as much zine and lead as possible out of the ores. 
He had also been engaged in working out hydro- 
metallurgical processes. Difficulties of an unex- 
pected nature, for which it was hard to find reasons, 
had to be discovered before they could be overcome. 
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With regard to the zinc dust nuisance so common 
with concentrates of the iron ores in Germany and 
elsewhere, efforts were made to remove this trouble 
by chlorination, or’ by oxydising the zinc sulphide 
into zinc sulphate, recovering the zinc by lixiviation 
of the sulphate. A number of investigators had 
unsuccessfully endeavoured to get the zinc chloride 
in a solid state by double decomposition of the 
chloride with sodium sulphide; the zinc sulphate 
was then frozen out. Then was tried the practice of 
introducing carbonic acid into a solution of calcium 
chloride with zinc oxide in suspension. All these 
and other efforts involved great difficulties in 
getting a reasonable amount of zinc dissolved, 
that depending upon many things ; for instance, the 
soluble states in which the zine was found. The 
zine was chiefly the product of the silicate, and the 
zine silicate would not go into solution with the 
strong acid. Having got the zinc chloride into 
solution, the next question was how to get it out, 
a problem which took some years to solve. With 
zine electrodes, chlorine was apt to penetrate the 
liquors, particularly if zinc were deposited on iron 
sheets. This difficulty could be met to a large 
extent by depolarisation. At the time to which 
the speaker was referring Acheson had not worked 
out his method of making carbons; the carbons of 
those days disintegrated rapidly. 

Dr. Mond then reviewed numerous incidental 
difficulties, particularly the avoidance of leaks, 
in trying to stop which he had frequently been 
“gassed.” Again, the need for an extremely 
pure solution involved really new analytical 
methods in order to discover traces of im- 
purity. It was easy to see that the discovery of 
the causes of difficulty and the question of the line 
of research to be adopted, requiring as it did a 
series of chemists working in unity, meant a great 
deal of hard work, and ten years were occupied in 
developing the process to a satisfactory point; at 
all events there was now little likelihood of un- 
pleasant surprises. Formerly one unsatisfactory 
feature was the uncertainty of working. The 
speaker had also endeavoured to obtain zinc from 
zincate of soda. Instead of decomposing sodium 
in water the soda amalgam was decomposed, 
caustic soda being suspended. It was possible 
completely to obviate the production of hydrogen 
and obtain a deposit of metallic zinc which was not 
spongy. That process only became successful after 
years of work. With regard to the zine sulphate 
processes now used he had been unable to obtain 
much literary information. The processes appeared 
to have been introduced since the speaker’s last 
visit to the States and he had not had time to go 
across to find out what was being done. There was, 
however, no apparent reason why they should not 
be successful. 

Dr. Mond considered that the zinc industry 
in this country had been kept down by the low 
price at which the metal was sold, attributable to 
the remarkably rich and cheap ores found in the 
Joplin district, from which it was possible to produce 
zinc at a low price. It should not be forgotten 
that, however economical the smelting process 
might be, the price would be regulated by the cost 
of getting the ore to the smelting plant. The ores 
of Central America could not be economically 
brought to this country, a circumstance which had 
hindered the zinc industry here. In the case of 
the large deposits of mixed ores in Australia, the 
very complicated dressing problem had taken long 
to work out, and was only brought to success by the 
flotation process, which, he would observe, owed 
much to the investigations of colloidal substances 
and their behaviour. Generally, so soon as the 
technical problems of dealing with the ores were 
settled, the question of local conditions arose. He 
was open to correction, but he thought that much of 
the detail technical work was to the credit of the 
Germans, and it was because they had so worked 
out the processes that they obtained the contracts 
for the working of the Australian ores. There was 
no reason why, however, the processes should not 
have been worked out in this country; only men 
with brains were required, and if these were few 
and far between, brains had, at any rate, no 
nationality. He considered the future of the 





industry would be remarkable. Much the same 
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course should be taken with the Australian ores as 
was adopted by the French in regard to the nickel 
ores of Caledonia, namely, the establishment of 
smeiteries at both ends of the line to the consumer. 
The industry in this country had, he thought, also 
suffered from the fact that it was only now, at the 
last moment, that proper methods had been adopted 
for collecting and condensing the sulphuric acid 
fumes which had proved so grave a nuisance. One 
influencing factor would be how far America would 
be able to deal with its own huge production. 
America had used some of her large war profits in 
aggregating this great production. Who were to 
be the consumers remained to be seen. 

Mr. H. K. Pickard desired to interject a denial of 
Dr. Mond’s statement that the Germans had any- 
thing to do with the flotation process, which has 
been brought about and developed in all its details 
by British firms. It was only after the latter had 
produced the concentrates by their own unaided 
efforts that they sold them to Germany. 

Professor Turner remarked that one of the points 
that had interested him very much in visiting the 
Belgian works some few years ago was the question 
of the crucibles, to which the author had referred. 
He had not only been interested in the mechanical 
appliances for pressing the crucibles, which had to 
some extent been adopted in South Wales, but also 
in the examination and testing of the clay. In 
England smelters were behindhand, as compared 
with Belgium and Germany, in testing refractory 
materials for the making of retorts for zinc manu- 
facture. Full use was not made here of American 
methods of examining and classifying refractory 
materials on the lines of Tschirner, and the 
microscopic examination of the particles that 
had been sized and separated so as to recognise 
the different mineral constituents in the fine 
clays and the coarser sandy particles. He 
agreed that two clays of the same chemical com- 
position might give different results, partly on 
account of different size of particles, and more by 
reason of the different character of the minerals 
constituting those particles; in fusibility and solu- 
bility of the alumina present the results might be 
greatly different. Referring to electric smelting, 
members would recall the contribution on experi- 
ments for the reduction of zinc in the electric 
furnace by Dr. Stansfield, of Montreal, who had 
pointed to the difficulty arising from the production 
of a large quantity of blue zinc, which was very 
difficult to use, and had only a limited application, 
despite the use of zinc dust in the gold industry at 
the present time. In a paper summarised in the 
“Journal” of the South African Metallurgical 
Society, Dr. Stansfield did not regard favourably 
the prospects of electrical smelting of zinc. Its 
application was unlikely save where current was 
very cheap, and even then the zinc fume difficulty 
would constantly be present. The vacuum pro- 
cesses would not seem to solve the difficulty, as a 
very small leak would entirely counterbalance any 
advantage; in practice it was not possible to 
prevent a small leak. With regard to the hydro- 
electric processes, particularly electrolysis by either 
the zinc chloride process mentioned by Dr. Mond 
or the zinc sulphate process, it appeared to be a 
question of the price at which a zinc could be got 
into solution and then the price at which it could be 
deposited from solution. There was no difficulty in 
getting a comparatively pure zinc sulphate from 
complex ores, the ultimate question being one of 
current in sufficient quantity and _ sufficiently 
cheap. The answer to this question would be in 
the affirmative or negative, according to locality ; 
for localities with complex ores he foresaw a great 
future if the zinc could be extracted from the 
ores by solution and deposited ia the form of very 
pure zinc by cheap electric currert. 

Dr. Rosenhain, who spoke next, desired to add to 
Professor Turner’s observations on refractories 
another to the effect that the question was proving 
a matter of vital importance in quite a number of 
industries, and it was a coincidence that several 
industries which had flourished, particularly in 
Germany, in recent years, were just those requiring 
special attention to the character of the refractories. 
The optical glass industry, with which the speaker 
was concerned, and the glass industry generally, 
was largely dependent on the choice of refractories ; 


apparently the zinc industry was in a similar 
position ; it was therefore worth emphasising the 
need for a systematic, extensive—and expensive— 
research. The alloys of zinc and aluminium, 
referred to by Mr. Smith, had been a speciality with 
the speaker, and he would like Mr. Smith to add to 
his paper a reference to the ‘‘ Tenth Report of the 
Alloys Research Committee,” the mechanical pro- 
perties of these alloys being there worked out. Mr. 
Smith’s statements were in general agreement with 
the report. Mr. Smith had, however, said that 
alloys of aluminium and zinc containing more than 
40 per cent. of zinc were valueless. That was 
partly so, but they had “tempting” properties. 
Such alloys, high in zinc, were used for die-casting 
purposes, although mostly with disastrous results ; 
he had seen die castings from such alloys which 
after a few years had practically disintegrated. 
But the idea that zinc-aluminium alloy castings 
disintegrated spontaneously was not correct, 
certainly in the case of alloys with less than 30 
per cent. of zinc and probably up to 60 per cent. 
of zinc. Another point. It would be a service if 
the speaker could impress upon representatives of 
the zinc-producing industry the importance of 
making alloys of absolutely pure zinc. This applied 
not only to zinc-aluminium alloys, where the 
presence of quite small quantities of lead seriously 
reduced the value, but also to copper-zinc alloys and 
the whole class of industrially important alloys of 
zine and other metals. As an Australian, he pro- 
tested against the adverse comments on the climate. 
Australian workers in the zinc industry were, accord- 
ing to his experience, perfectly healthy, and the 
difference in climate was not so great as was 
frequently imagined. In regard to the establish- 
ment of works at the two ends of the line of steamers, 
the Broken Hill Proprietary Company had zinc 
smelters on the coast of South Australia and coal 
mines and iron works at Newcastle. In one direc- 
tion coal was carried from Newcastle and iron ore 
was carried back, freight being balanced in this 
way. 

Mr. H. Kaye wished to make public, he believed 
for the first time, the fact that the Metall Gesellschaft, 
acting on behalf of the German group, purchased 
for a number of years the whole supply of Australian 
zine concentrates, the price being regulated by the 
average of mean daily quotations made on the Lon- 
don Metal Exchange. That contract having been made 
with the Broken Hill and allied groups, the Metall 
Gesellschaft formed the Australian Metal Company. 
The contract was so made that if the price of spelter 
rose above 231. any excess was to be divided between 
buyer and seller. The contract having been signed 
the European Spelter Convention was immediately 
formed (January, 1909). At that time spelter was 
212. 10s., and he believed that it was common 
knowledge that the price was forced up to 26l. 10s. 
and 271. per ton. The higher price brought a 
remarkable increase in production, so that after 
remaining for two years at about 26/. or 27I. it 
rapidly fell to 22/. and gradually to 201. That 
was the history of the German acquisition of the 
Australian concentrates. 

Mr. A. R. Lambert directed attention to certain 
discrepancies in the figures given by the author in 
relation to Japanese production of zinc at the works 
at Ohmula (called, the speaker said, “‘ Ohmuta ”’). 
At the former works the production was stated to be 
twice that of Osaka. That was incorrect. The 
output in 1914 was 2,900 tons for the Ohmuta 
works and 5,000 tons for the works at Osaka. In 
1915 the output of the Ohmuta works was only 
5,200 tons—whereas the paper suggested 14,000 
tons—and that of Osaka about 11,000 tons. The 
estimated output for 1916 was about 40,000 tons 
altogether. 

Mr. H. M. Ridge remarked that the author had 
referred to Silesia as the origin of the arrangements 
for utilising and preventing the deleterious effects 
of the sulphurous acid generated in the roasting 
of the ore; the speaker had, however, records 
showing that the practice originated in one of the 
works at Stolberg in Western Prussia as long ago 
as 1868-69. With regard to American fireclays, 
the speaker had in 1914, just before the war broke 
out, instituted comparative tests of Euro and 





American fireclays, the results of which did not 
substantiate the belief in Germany that certain 








Continental clays were the best for retorts; the 
experiments did not show that the American fire- 
clays were inferior. To the speaker the matter 
turned upon the treatment and handling of the 
clays. The author had referred to one or two 
Continental brands of spelter, but the speaker 
would like to point out that there was a large 
number of brands, many works making two or three 
different brands depending on the quality, mainly 
lead or iron contents; these were sold at varying 
prices. It was slightly misleading to give a few 
names without. the complete list. The speaker 
attached little importance to the slight decline in 
the production of zinc ore in Silesia in 1913; there 
were probably economic reasons associated with the 
conservation of national resources, and several 
works were only producing some 30 or 40 per 
cent. of their capacity. An interesting circum- 
stance in the present development: of the German 
spelter industry was the fact that Silesia was supply- 
ing the Western German smelters with zinc ores, in 
spite of the distance and freights, mitigated to some 
extent by canal transport. 

The author had referred to the tailings accumula- 
tions at Broken Hill as 300,000 tons, but 5,000,000 
tons was a more correct figure. Moreover, the figure of 
17 per cent. zinc for the tailings was under the mark; 
the speaker had himself, in 1899-1900 dealt with 
Broken Hill tailings containing in parts as much as 
32-33 per cent. zinc. With regard to the Siemens 
regenerative furnaces, these were used up to 1914 by 
one of the principal German groups and their friends 
in Belgium, but the furnaces which were superseding 
them in Germany were of the counter-current 
recuperative type, and this development was now 
proceeding with special rapidity in Silesia, owing 
to the high prices of coal and the consequent need 
for fuel economy. With regard to the size of zinc 
retorts, referred to by the author, the speaker 
considered the 8-in. charge thickness as too high ; 
it was impossible to reduce the zinc oxide even at 
6 in., and lesser dimensions had to be used to get 
the heat units into the pot. Mr. Smith had alluded 
to the large loss of zinc in roasting; the speaker 
had not had that experience, and had found flota- 
tion concentrates easier to roast and more con- 
venient to handle, subject to their not being 
allowed to “lump.” The speaker agreed with Mr. 
Smith’s view that as regarded the cleaning of retorts 
the machinery used was not so far satisfactory, but 
in respect to mechanical charging machines he knew 
of three Continental firms who had used them with 
highly satisfactory results, some reduction of cost 
being also effected. The author had quoted a 
brand of virgin spelter as containing 2.55 per cent. 
of lead, but the speaker’s experience had been that 
2 per cent. of lead would produce globules, and that 
lead would be certain to settle out at the bottom 
of the ingot. Such an analysis was decidedly 
unfavourable as the bulk of the English spelter 
was much better than that. 

Mr. Ridge disagreed with Dr. Mond’s views 
as to the competition of the Joplin ores. Even 
if American smelters were willing and able to 
rely on domestic ores, they could not in ordinary 
times ship spelter to England commercially. Prior 
to the war, England had been producing a notice- 
able amount of high-grade metal; he referred 
to the practically pure metal, made by distilla- 
tion, for the production of high-grade brass. The 
owners of the works were, however, told that it 
was more desirable that they should produce 
common spelter to be refined abroad, and an 
entirely British industry had, for the time being, 
been stopped. In making cartridge cases a metal 
practically free from lead was necessary, and the 
speaker asked why that matter had not been tackled 
in this country. In 1914 France did not produce 
an ounce of high-grade zinc, but was now producing 
a large tonnage. Apart from the needs of the war, 
brass makers, once having learnt the use of high- 
grade zinc for brass-making, would continue, on the 
ground of its high economy, to use it after the 
war. 

Mr. Ernest A. Smith then replied briefly to the 
discussion. Firstly, in introducing Professor 
Bacon’s remarks into the paper, he should have 
added that these remarks referred almost exclu- 
sively to American ores; and, as he had pointed 
out, American practice was behind European and 
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Australian practice in respect to ore concentration. 
Mr. Pickard was an authority on flotation of ores, 
and the speaker regretted that his ambiguity should 
have led that gentleman to suppose he had suggested 
that the process produced a lot of slime; he had 
not meant to say so. 

Several speakers had referred to clays, and Mr. 
Smith agreed with Dr. Rosenhain that more atten- 
tion would have to be given to this matter. He 
believed that the gas works people had taken in 
hand the question of refractory materials, and were 
doing useful work, much of which would be applic- 
able to the spelter industry. It was not, however, 
altogether a question of chemical composition ; the 
physical condition of the clay was also of vital im- 
portance. Attention had been drawn to the hydro- 
metallurgical processes, and, in this connection, he 
would urge that it was very difficult, in a paper 
covering so much ground, to give further details 
of these processes ; personally, he believed they had 
a future beforethem. Moreover, the details had been 
ably discussed in a paper by Mr. Ingalls, to which 
he (the speaker) had referred. As to purity of zinc 
for alloys, he felt that there was much research work 
to be done in connection with metallurgical indus- 
tries, and the production of pure metal. Such work 
had shown that the presence of even small quantities 
of impurities had marked effects when metals were 
used for alloying purposes. The speaker regarded 
Mr. Kaye’s remarks as valuable, such information 
being rarely published. He confessed to more or 
less ignorance in regard to the Japanese zinc industry, 
and if the figures he had given were incorrect the 
inaccuracy was due to the source of his quotation, 
namely, ‘‘ Mineral Industry.” In reply to Mr. 
Ridge, the speaker had not attributed the original 
utilisation of the sulphurous acid generated in roast- 
ing zinc ore to Silesia ; what he had indicated was 
that the practice of using the gases for the manu- 
facture of sulphuric acid had been adopted by the 
Silesian smelters in common with others. With 
regard to the analyses of brands of spelter, he had 
merely quoted those given by Mr. Primrose, because 
they had already been brought before the Institute 
of Metals, and, so far as the speaker knew, these 
analyses of spelter were the most recent ; he agreed 
that the percentage of lead was much above the 
normal for ordinary English brands. 

A vote of thanks having been accorded to Mr. 
Smith for his paper, the President announced that 
the paper entitled ‘Cadmium in Spelter,” by Mr. 
W. R. Ingalls, would be taken as read. We published 
this in full in our last issue. 

The proceedings terminated with votes of thanks 
to the Chemical Society for the use of the meeting 
room, and to Mr. Ingalls for the paper just 
mentioned. 








THE LATE MR. RICHARD PRICE- 
WILLIAMS. 

As announced briefly in our last week’s issue, 
Mr. Richard Price-Williams died on the 19th inst. 
at the age of 89. He was the son of Dr. John 
Morgan Williams, of Bridgend, Glamorganshire, 
and was born in London in November, 1827. Mr. 
Price-Williams served his pupilage under the late 
Mr. George Heald, M. Inst. C.E., who was the late 
Mr. Thomas Brassey’s engineer in charge of the con- 
struction of the Lancaster, Carlisle and Caledonian 
Railways, in the ‘forties of last century. He after- 
wards entered the locomotive works of the firm of 
Messrs. Kitson, Thompson and Hewitson (now 
Kitson and Co., Ltd.), of Leeds, as an apprentice, 
being, later on, from 1854 to 1860, engaged in the 
designing and construction of girder bridges and 
other civil engineering work as assistant and resident 
engineer on the Great Northern Railway, at Leeds. 
He acted afterwards in the capacity of consulting 
engineer in the construction of the Metropolitan 
Outer Circle Railway, and in the preparation of 
plans and estimates for a number of other railways, 
both in this country and in the Colonies. 

Mr. Price-Williams’ name will always be inti- 
mately associated with the introduction and the 
development of the Bessemer process in this country. 
His early connection with the construction of rail- 
ways briefly alluded to above had led him to make 
railway engineering his own particular branch from 
the very commencement of his active practice. As 
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early as 1866 he read before the Institution of Civil 
Engineers a paper on the “ Maintenance and 
Renewal of Permanent Way,” which was followed, 
four years later, by a further paper on the 
““Maintenance and Renewal of Railway Rolling 
Stock.”” These papers, especially, perhaps, the 
former, and his continued personal efforts, were 
greatly instrumental in inducing the British railway 
engineers to, at least, make a trial of the Bessemer 
steel rails in place of the iron rails used until then 
and which were so short-lived under heavy traffic. 
It may indeed be said that Mr. Price-Williams, who 
was primarily a railway engineer, and who, as such, 
would have carried all the responsibility, in case of 
failure, of any new departure recommended by him 
in permanent way construction, was quicker to dis- 
cern the future of Bessemer steel rails than the 
British metallurgists themselves. 

Sir Henry Bessemer was not long in recognising 
the advocate he found in Mr. Price-Williams; he 
greatly appreciated his services, and appointed him 
the manager of the first Bessemer steel works put 
down at Greenwich. It may be mentioned here 
that the first piece of Bessemer steel was made at 
Baxter House and then rolled into a rail-shaped bar 
at Dowlais. The chemical tests of this bar were 
made by the late Mr. Riley in 1857, at which time 
Mr. Price-Williams was assistant engineer on the 
Taff Vale Railway, where he had full opportunity 
to witness both the manufacture of iron rails and 
the very small early preliminary researches in the 
matter of Bessemer steel. 

At a later date in his career Mr. Price-Williams 
designed and erected a Bessemer converter plant 
and a rail mill at the works of Mr. Samuel Fox, at 
Stocksbridge. When this was completed and 
could produce steel rails, most of the railway com- 
panies in the country were still unconverted and 
declined for many months to consider their use. 
Hence the paper above referred to read by the 
subject of this brief memoir before the Institution 
of Civil Engineers. After the reading of the paper 
in question, Sir John Fowler, the President of the 
Institution at the time, informed the author that 
the most convincing chemical tests and the admir- 
able physical tests yielded by the new material had 
entirely disposed of the unfounded notion of its 
brittleness, and had completely established its 
remarkable strength and endurance. 

Mr. Price-Williams was a member of the Institu- 
tion of Civil Engineers since 1861, and that Institu- 
tion awarded him the Telford gold medal in 1866, 
the Watt gold medal in’ 1870, and the George 
Stephenson gold medal in 1902. As stated in our 
short note last week, he had recently been nomi- 
nated an honorary member of the Institution 
of Mechanical Engineers, an Institution of which 
he had been an ordinary member since 1859. 
He was also a member, since 1871, of the 
Iron and Steel Institute; this Institute awarded 
him, in 1898, the Bessemer gold medal. He was 
indefatigable in advocating the use of steel rails and 
in demonstrating their value before this latter 
Institute also, as can be gathered from his papers 
“On Iron and Steel Permanent Way,” read in 1881, 
“On Steel Permanent Way,” read in 1898, and by 
his numerous contributions to discussions on these 
subjects. He, further, contributed to the Iron and 
Steel Institute, in 1909, another interesting paper 
in which he compared in detail the life and the 
cost of renewals of permanent way on a large number 
of railway lines. 

The high reputation which Mr. Price-Williams had 
acquired as a railway engineer led him to be 
appointed by the Government of New South Wales 
in 1889, and again in 1895, to report upon the condi- 
tions of the railways in that Colony. He was also 
retained, in 1889, by the Tasmanian Mautine 
Railway Company to examine that railway and to 
give evidence before the Judicial Court at Hobart 
in favour of the payment to the company of 
annual subsidies. He obtained a verdict in favour 
of the company, who, later, appointed him arbi- 
trator in the matter of the disposal of the railway 
to the Tasmanian Government; he was subse- 
quently appointed consulting engineer by the 
Governor. 

Quite apart from his engineering activities, Mr. 





Price-Williams did a large amount of statistical 
work on a variety of subjects. He at different 





times read papers before the Royal Statistical 

Society on coal, on the population of England and 

Wales, on the population of London, on railway 

rates and charges, &c., all of which are of real 

interest and usefulness, but his principal work will . 
always remain that which he carried out in connec- 

tion with railway construction, and he will long be 

remembered with affection by a wide circle of 

metallurgical and engineering friends as “ Per- 

manent-Way Price-Williams.”’ 





THE IRON AND STEEL INSTITUTE. 

Arter the proceedings at the meeting of Thursday, 
the 2lst inst., referred to on page 289 ante, the 
first paper taken was one contributed by Dr. J. E. 
Stead, having the following title :-— 


INFLUENCE OF SOME ELEMENTS ON THE 
MECHANICAL PROPERTIES OF STEEL. 


It was read in abstract by the author. The 
paper is an extensive review of the influence’ of 
carbon, phosphorus, sulphur, manganese, silicon, 
copper and tin upon steel, and gives a definition of 
mechanical properties. Dr. Stead gave the mecha- 
nical properties of pure iron, after allowing for the 
influence of the small amount of carbon present 
in the purest commercial soft steels, the figures in 
the paper—approximate only—being based upon 
the calculations made by Professor Arnold, Mr. 
Harbord and others; he expressed the hope that 
exact figures would be established. He suggested 
that the only way to arrive at reliable figures as 
to the influence of elements was by having the 
steels normalised under identical conditions. He 
quoted the average mechanical properties of nor- 
malised steel containing less than 0-9 per cent. of 
carbon. Among his examples was one to the 
effect that widely varying results are obtained with 
the same steel if it is rolled into plates of varying 
thickness, in which the more work at the lower 
finishing temperature the higher will be the tenacity. 
In order to get the same static tests in ship plates 
of varying thickness, the carbon had to be higher in 
the thicker plates. The paper dealt at length with 
the heat treatment of carbon steels conducted by 
different scientists and gave the results obtained 
by each. 

In the matter of phosphorus it would appear, 
the author stated, that the effect of 0-1 per cent. of 
phosphorus, within certain limits, was comparable 
with that of carbon. The effect of carbon was 
greater than that of phosphorus in reducing ductility. 
Phosphoretic steel was still largely used. Phos- 
phorus was most useful in small amount in tin-plate 
bars, as it prevented the sheets from sticking together 
during rolling ; it conferred the important property to 
steel of giving clean and bright surfaces when turned, 
and, moreover, increased the elastic limit and 
tenacity. Dr. Stead added that he was not agitating 
in favour of high phosphorus steels ; it was neces- 
sary, on the contrary, to eliminate both sulphur and 
phosphorus. There were times, however, when both 
were an advantage. If the conditions of testing 
and the work to be done justified a higher percentage 
of phosphorus, and if all the necessary mechanical 
properties were met, then the material containing 
phosphorus should be taken. In short, in judging 
the quality of steel, it should not be assumed that 
phosphorus was as invariably bad as it was painted. 

The bad character of sulphur was earned in the 
early days of steel-making owing to the difficulty of 
getting a sufficient quantity of manganese into the 
steel without unduly raising the carbon. The 
work of Brinell had shown that steel with 0.15 
per cent. of sulphur gave better impact tests than 
any other steel used in a most exhaustive series of 
tests, better far than similar steel containing only 
0.015 per cent. of sulphur. Steel high in sulphur 
when rolled to small sections resembled wrought 
iron and was more or less fibrous. Sulphur, then, 
might be regarded as a friend when used intelligently 
and not invariably as the enemy it was represented 
to be, and this applied with special force in the 
cast-iron foundry. 

In regard to silicon, the evidence as to its effect 
was somewhat variable. Up to 0.7 per cent. its 
effect was not very pronounced, either one way or 
the other, and it was doubtful whether any difference 
could be detected in steels varying in silicon between 
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0.05 and 0.30 per cent. Silicon produced soundness 
in cast steel, and on that account was now largely 
used. Owing to silicon, basic steel now approached 
more nearly in good general properties to acid 

- open-hearth steel, if it had not already surpassed it. 
At one time silicon was considered bad and was 
ruled out; then Mr. Sandberg introduced his 
silicon steel rails, which were found of greatly 
improved quality. Sir Robert Hadfield had stated 
that, on the average, silicon up to 1.75 per cent. 
increased the yield point and tensile strength, but 
did not impair the ductility ; beyond that point, 
increase of tenacity was only obtained with a 
serious loss of ductility, and that statement now 
represented the accepted truth. 

Copper for more than two generations had had a 
very bad name owing to the mistaken observations 
of certain investigators. Even to-day one came 
across steel specifications in which copper was 
barred, and these could only be regarded as an 
indication of the ignorance, if not stupidity, of 
those who prescribed the composition of new 
steels, for it had been proved long ago that copper 
in steel, instead of being an evil, was quite harmless 
and was sometimes distinctly beneficial. Here Dr. 
Stead asked the meeting to give the result of their 
experience in the matter of the welding properties 
of steel containing copper. It was surely time that 
prejudice against copper should be abandoned. 
Cupreous iron ores were really excellent for steel- 
making and the day was not far distant when we 
should be prepared to pay a higher price for them. 

In the matter of tin, Dr. Stead stated that 55 
per cent. of detinned scrap was used in one of the 
Clarence open-hearth furnaces with 45 per cent. of 
molten iron. The ingots obtained from the cast 
could not be rolled, the steel being exceedingly 
hard; an analysis showed this to contain 0.75 per 
cent. of tin. The tin increased the yield-point and 
maximum stress and decreased the elongation and 
reduction of area. 

The discussion was opened by Mr. M. Mannaberg, 
who said he felt sure the members were greatly 
interested to hear the remarks concerning the 
influence of sulphur and phosphorus on steel. The 
fact was well known to all steel-makers that phos- 
phorus was not so great an enemy as it had been 
stated to be. But the steel was ordered from the 
steel-makers, who were not at liberty to produce 
what they liked, and in steel required for shell 
manufacture, for example, the steel-makers were 
compelled to see to it that the percentages of 
sulphur and phosphorus were less than what they 
thought the necessary figures. Steel-makers had 
also known long since that copper was not injurious, 
and endorsed all that the author had said with 
reference to that element. 

Sir Robert Hadfield, who followed, found the 
paper a most thorough one, and in that respect it 
was like all the work carried out by Dr. Stead. 
He (the speaker) called attention to Dr. Stead’s 
quotations defining annealing, and found that the 
word “annealing” was getting played out. It 
either covered too much, or did not constitute a 
sufficiently complete definition of the treatment 
followed. According to the dictionary, the word 
came from the Anglo-Saxon an and elan, to set 
on fire, to burn. It was preferable to use more 
specific language, that is to say, to indicate tempera- 
ture, time, and size of mass being heated. No com- 
parison could be made between the process in the 
case of a small mass and in that of a large one. 
The German term for the verb was ausgliihen, and 
in that respect was perhaps not better than ours, 
whilst the French recuire might be preferable. He 
hoped Dr. Stead would be able to suggest a term 
better describing the object of annealing. In one 
of his examples of carbon steel, containing 0.3 to 
0.4 per cent. of carbon, test bars heated to 925 deg. C. 
and cooled in ashes had a maximum stress of about 
40 tons per square inch, with an elongation of 24 
per cent. ; the bars, after reheating to 875 deg. C., 
quenching at that temperature in water at 28 deg. C., 
and tempered in molten tin at 525 deg. C., showed a 
maximum stress of about 50 tons and an elongation 
of 10 per cent. (the pieces were destined to resist 
sudden and violent compression by shock). He 

Sir Robert) would have liked to see the yield-point 
given, together with the stress and elongation, for 
the yield-point was most important and an excellent 
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guide. Plain carbon steel required to have a high 
maximum stress, and an elongation not less than 
22 per cent. was difficult to obtain in a large mass ; 
the mass cooled slowly and elongation was not 
uniform, but the heat treatment allowed all the 
conditions to be met. 

In regard to the effect of phosphorus, he (Sir 
Robert) did not agree in all points with Dr. Stead. 
With mild steel the percentage of phosphorus 
could be higher, and, as Dr. Stead had pointed out, 
when ferro-manganese could be obtained at a 
reasonable price, its use meant lower carbon. Then 
one could have a higher percentage of phosphorus 
in the steel, but the procedure was not safe, and the 
statement should be qualified more than it was. 
Steel with comparatively high percentages of 
sulphur and phosphorus was more liable to be 
burnt in the heat treatment, owing to the too large 
crystallisation, than steel with lower percentages 
of these elements. One could obtain excellent 
results by quenching and reheating, and thus remove 
the effect of overheating, but unfortunately phos- 
phorus had the tendency to increase the size of the 
crystals, when brittleness came in. He did. not 
think the risk should be run of raising the phos- 
phorus beyond limits. Phosphorus in the steel 
for armour-piercing shells was detrimental. 

Mr. C. H. Ridsdale expressed the opinion that 
Dr. Stead’s paper was one which had long been 
needed. He (the speaker) had never advocated 
laxity in the matter of the percentages of the 
elements in steels; he had for many years carried 
out experiments with various classes of steel and had 
long found that prevailing ideas as to the harm- 
fulness of elements contained in some of them were 
greatly exaggerated. Such was the case, for 
example, with copper, and in regard to this element 
it was difficult to get at the real true source of the 
trouble ; it was considered simply, in many cases, 
as a scapegoat, with the direct result that further 
research concerning it was put an end to. Faulty 
treatment came into play also and had to be 
taken into account. (Here the speaker showed 
several of his specimens of phosphoretic steels, 
pointing out how well they had stood the bending 
tests and shearing.) He concluded by stating that 
sulphur and phosphorus should no longer be con- 
sidered as impurities but as elements of steel alloys, 
and, like all other matters in all walks of life, should 
be used judiciously. 

Professor Arnold, who followed, stated that Dr. 
Stead’s contribution should be classed as a book. 
It contained most important data and many interest- 
ing points were dealt with which would repay 
careful reading. The main features were those which 
covered sulphur and phosphorus, and valuable 
papers on these elements had already been con- 
tributed to the Institute by Dr. Stead, Mr. Harbord 
and Mr. Ridsdale. What was wanted was to keep 
a balance in these matters; this did not obtain 
at the present time, for many munitions manu- 
facturers were working under most unreasonable 
Government specifications. If, for instance, the 
specification required 0.04 per cent. of phosphorus, 
and there were 0.042 per cent. or 0.038 per cent., 
the material was rejected ; this was most unfair, 
and had for effect to restrict output in this country 
in a most ridiculous way. Dr. Stead had tested 
phosphoretic steels under alternating tests, and his 
results confirmed those obtained at Sheffield 
University where it was found that the ratio was 
33 for the one having 0.50 per cent. of phosphorus, 
that having 0.94 per cent. being 100. He (the 
speaker) thought that when phosphorus was below 
1 per cent. there was no danger in the case of 
structural steel. In the matter of copper, Professor 
Arnold was quite in accord with Dr. Stead and he 
regretted the absence of their past president, Dr. 
Cooper, who would also confirm the point. In this 
connection he added that when a silly error crept 
into a text-book, it took at least 20 years to get rid 
of it. The contention that copper caused cold 
shortness and red shortness was absolutely futile. 
Dr. Cooper would have been able to state that years 
ago he had an offer for 700 tons of iron ore at a low 
price because it contained 0.50 per cent. of copper ; 
he transformed this into pig-iron and then into steel 
rails in the acid Bessemer converter, the steel in the 
rails averaging 0.47 per-cent. of copper. All the 
rails passed the inspection and a record obtained 





17 years later showed that there was not one single 
failure. A graduate of Professor Arnold’s went to 
America on one occasion.and obtained a berth in a 
company there, one of his duties being to ascertain 
why that company’s rails were better than those 
of all other companies. He stated later to Dr. Arnold 
that the secret of the rails made by the company 
in question was that they were made from particular 
ores which were found to contain an average of 
0.50 per cent. of copper. Copper was not an 
impurity at all. 

Mr..E. H. Saniter stated that the Institute owed 
a debt of gratitude to Dr. Stead for his valuable 
contribution, adding that work of this kind was 
most valuable and useful. Dr. Stead had stated 
that the practical definition of the yield-point was 
the load per square inch at which a distinctly visible 
increase occurred in the distance between the gauge 
points on the test piece, observed by using dividers, 
amounting to more than 1/200 of the gauge length. 
With this, he (the speaker) agreed. Unfortunately 
in the works they were not faced with one single 
practical definition ; it would, therefore, be of great 
advantage if, together with the engineering firms, 
a definite limit could be fixed, and also a definite 
manner in arriving at the yield-point. Standardising 
in this matter was required. The author had also 
referred to the. results obtained by Dr. Baker, 
his (the speaker’s) assistant, to determine the effect 
of normalising steels containing from 0.45 to 0.68 
per cent, of carbon. The utmost care was taken 
in ascertaining the yield-points of these steels, andthe 
difference did not exceed five-thousandths in 2 in. 
The use of the word “ tempering,” as being a re- 
heating after quenching, should apply to the heating 
to all temperatures below the recalescence points. 
In. regard to “normalising,” this had become the 
designation of a process, whereas originally the word 
was used to qualify the result produced. All these 
terms and the processes varied with the different 
authors ; it was not remarkable, therefore, that the 
results obtained varied also. In regard to phos- 
phorus, Sheffield did not believe much in.it ; whilst 
sulphur was not an unmitigated friend, and its 
presence in steel rails might cause cracks leading to 
split heads. The fears as to the presence of copper 
in steel were absurd. He (the speaker) was glad 
to have the information given in the paper con- 
cerning the action of tin; he had experimented 
with steel containing 0.35 per cent. of tin, and the 
steel rolled fairly well. 

Sir John Randles, who followed, expressed the 
opinion that it was necessary to receive with caution 
the statements as to the good effect of sulphur 
and phosphorus generally. He emphasised the 
point that the suppliers of coke, ore and limestone 
had had their special attention called to the danger 
of these two elements, and if they understood 


that the danger had been exaggerated, the troubles 


of the steel-makers might increase. 

Dr. Rosenhain said that progress in metallurgy 
was very rapid and knowledge was not disseminated 
as widely as it ought to be. The author’s paper, in 
this connection, was a most important one. He 
(the speaker) called the attention of the meeting to 
the report recently issued by the Standards Com- 
mittee on automobile parts and to the nomenclature 
of tests it contained, which was a compromise 
arrived at between various manufacturers. He 
thought that nomenclature should be adopted. ‘Fhe 
author had largely relied upon the data of mechanical 
tests; the tests should be exhaustive, and one very 
important test was the notched bar impact test, 
which was valuable in the results it could give in 
relation to some of the constituents referred to 
by the author. The latter would find, said Dr. 
Rosenhain, that the results it gave would not 
quite bear out those of ordinary and drop tests. 
Actual records should also be kept of the behaviour 
of material in actual service, and all results should 
then be correlated. In the matter of sulphur and 
phosphorus there was a general consensus of opinion 
that these elements were dangerous beyond certain 
limits. 

In the course of a few brief remarks, Mr. F. W. 
Harbord thought the author had: looked into the 
matter more from the point of view of the static 
test, which did not throw out the full effect of 
phosphorus. In the Wohler test, when all speci- 
mens were tested under the same stress, they all 
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varied in elastic limit. Sulphur and phosphorus 
were positively dangerous from the student’s point 
of view. Dr. Stead had quoted one of Professor 
Howe’s statements only and, besides, Professor 
Howe might now modify his former statements in 
regard to the effect of phosphorus in steel. He 
(the speaker) quite agreed with Professor Arnold’s 
statement to the effect that what was wanted was 
an intelligent interpretation of specifications. 
There were so many variables which came into 
play that a certain latitude should be allowed. 
Nevertheless, the less phosphorus and sulphur 
we had the better, and in regard to phosphorus 
there always was the risk that it was higher in one 
part of the ingot than in another. With sulphur 
one was liable to have incipient cracks, then the 
material broke in the cracks. Phosphorus to 
prevent stickers in sheet rolling was good, but it 
was detrimental in the manufacture of deep stamp- 
ings. 

Mr. C. J. Bagley also disagreed with Mr. Stead in 
his statements concerning sulphur and phosphorus, 
and stated that thousands of trials would yet be 
required to decide the points. 

Dr. Stead, who replied to the discussion on the 
following day, Friday, the 22nd inst., stated that 
the yield point inquired about by Sir Robert 
Hadfield was between 35 and 40 tons. He wished 
particularly to draw attention to the course which 
the discussion had taken. He had never once 
mentioned in his paper the word “shell.” He had 
never advertised high sulphur and high phosphorus 
steel. He had simply said that for certain purposes 
phosphorus may be useful and sulphur may be 
useful also. Certain steels were sold with proper- 
ties which could only be conferred on them by the 
presence of these elements. He repeated that he 
had not referred to shells, but as some speakers 
had done so in the course of the discussion he 
perfectly agreed. that the said elements in certain 
circumstances might be a source of danger. No 
evidence, however, had been brought forward 
to show that a slight percentage of sulphur and of 
phosphorus would cause the shells to fail in the 
gun. At the beginning of the war sulphur was 
restricted to 0.04 per cent. in all shells, and it was 
stated that these would be liable to fail if the pro- 
portion was raised to 0.06 per cent., but thanks 
to the efforts of Sir Robert Hadfield, the limit was 
raised to the latter figure, and this raising of the 
percentage of sulphur had not made the slightest 
difference ; shells did not fail more in the gun now 
than they did formerly. Greater care was exerted 
now in all directions and there was less risk now than 
when the maximum allowed was 0.04 per cent. 
He (Dr. Stead) had never said that sulphur and 
phosphorus were an advantage, and he did not 
say so then, but people now knew that the raising 
of the figure to 0.06 per cent. had no evil effect. 
He had always been very careful to point out 
that steel for armour-piercing projectiles had to be 
made most carefully; he agreed that that steel should 
be as pure as possible. But he asked why, after 
the long experience gained with non-hardened steel 
for land guns, the Government would not allow the 
use of non-hardened steel for naval purposes. 
America allowed it, with 0.06 per cent. of sulphur 
and of phosphorus, which pointed to the fact that 
we in this country made the advances and other 
people took advantage of them. He asked Sir 
Robert Hadfield to continue his good work in the 
same direction, to use his influence to advocate 
the presence of 0.07 and 0.08 per cent. of sulphur 
and of phosphorus in the steel, and to advocate also 
trials with shells made from steel having elements 
above the limits now prescribed, but having also 
all the required physical properties. He (Dr. Stead) 
had advocated these points, but he had been put 
down as an outsider, as an interfering crank for 
daring to suggest to the authorities that they could 
have other specifications than the present ones, and 
nothing had been done. The absence of any true 
spirit of research had cost the nation thousands 
in the past, and unless our methods were improved 
upon the nation would have also to pay thousands in 
the future. In his speech at the recent British 
Association meeting the President of the Engineer- 
ing Section had stated that the armour combine 
had at first restricted the output of shells ; he 
(Dr. Stead) hoped this would be denied ; they 
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may or may not have prevented others from enterin& 
the lists, it was for them to say. It was whispered 
that an influence of the same kind was carried on 
to-day also; it was, again, for them to disprove, 
but he suggested that if we were absolutely free 
from that kind of interference, every influence 
should be used to induce the Government autho- 
rities to make a trial of material rejected by 
chemical analysis, but which had every one of the 
physical properties. Dr. Stead added he had 
been told that because acid steel-makers had 
trouble in obtaining sufficient pig-iron low enough 
in sulphur and phosphorus, they had raised the 
limit in the steel to 0.07 per cent. He, on the other 
hand, did not recommend a change in the per- 
centage of these elements until the effect of raising 
the limit wastried. Before the increase of 0.04 to 0.06 
per cent. referred to, therefore, instead of fighting 
with “silver bullets” we had been fighting with 
“ golden shells.”” The Germans were putting some- 
what more sulphur and phosphorus in their shells 
than we. Let the steel-makers, added Dr. 
Stead, and the Admiralty correlate results and try 
various qualities, having in view the benefit of the 
country, for by having such unnecessarily drastic 
specifications we were greatly restricting our output. 
In reply to Mr. Bagley, the trials he referred to had 
already been done and work could be carried out 
on their basis. Mr. Saniter had referred to ghost 
lines which could not be said to be superficial or to 
go down to a certain depth ; an undue proportion of 
sulphur must be the cause. Dr. Rosenhain had 
said that the physical tests should all be thoroughly 
correlated ; he (Dr. Stead) agreed fully with him on 
this point, for with variety in the tests the results 
were not fair. The time would come when we 
should need to go through the effects of all the 
elements in iron, to go through also every test in 
every sample so as to obtain accurate knowledge. 
He (Dr. Stead) had once told Sir Alexander Rendell 
that if he brought back from India specimens of the 
steel rails which had done the best service he would 
find that they were not according to specification. 
Sir Alexander never brought any back. The 
Engineering Standards Committee, in view of the 
drastic specifications, had decided to increase the 
sulphur and phosphorus in rails to 0.07 and 0.08 
per cent. ; this had not resulted in the fracture of 
rails. The fracture of rails was independent of the 
chemical composition of the steel, but segregation 
might come in and tend to cause fracture. The 
class of work which would be most adapted to the 
National Physical Laboratory would be the in- 
vestigation of steel rails both in this country and 
abroad, and the Laboratory should be_ better 
supported by the country than it was at present. 
He was glad that Professor Arnold had given 
valuable information concerning the influence of the 
presence of copper in steel, and hoped that those 
specifications which prohibited the presence of 
copper in steel for general use would be deleted 
so as no longer to hamper the production of good 
steel. Steel containing copper corroded much less 
rapidly than steel which contained none. Mr. 
Saniter had made a valuable suggestion to the 
effect that normalising should refer to a heat treat- 
ment to a determined temperature followed by a 
cooling in air. The size of the piece should be given 
also. Sulphur, whether in acid or basic steel, 
would equally lead to sulphur lines. The amount 
of sulphur was a measure of the manganese sulphide. 
He (Dr. Stead) did not see why 0.07 per cent. of sul- 
phur should not be allowed in basic as in acid steel ; 
it had no more evil effect in that than in another 
steel. Sir John Randles thought that he (Dr. 
Stead) advocated laxity in the specifications ; 
nothing of the kind. He was independent, and in 
acting as umpire he had occasionally to award 
penalties should the sulphur and _ phosphorus 
contents of a material exceed the limits prescribed. 
Hematite pig makers had to have ores with low 
sulphur and phosphorus, for their pig-iron was 
destined to be used for all classes of manufactures, 
guns included. Sir John should therefore see that 
he (Dr. Stead) did certainly not want to make 
the specifications less drastic for the benefit of 
steel-makers. What he wanted, on the other hand, 
was to prevent Government from spending money on 
unnecessary conditions. Mr. Harbord was of 
opinion that anybody would say that he (Dr. 





Stead) was advocating high phosphorus. That 
was not the case. He did not at all advocate 
doubling a percentage; he advocated, on the 
contrary, a gradual increase, then testing in every 
way and afterwards the taking of a decision. He 
(Dr. Stead) could not get the authorities to grasp 
the reasonableness of so proceeding—a child 
would recognise it. In regard to his statements 
from Professor Howe’s work, he (Dr. Stead), as 
would be seen, had been most careful to obtain all the 
evidence and not to satisfy himself with general 
statements. He challenged that 0.06, even 0.09, 
per cent. of phosphorus was harmful in a shell 
that had not been heat-treated and hardened. He 
added that he held no brief for the basic steel- 
makers of Middlesbrough, but he would say that 
they could make as good steel as that of the acid 
steel-makers of Sheffield, and their steel was going 
to take an important place in the markets in the 
future. Many members had read in the paper 
points that did not exist in it. Physical and 
mechanical tests must be the final appeals, and he 
believed that if the matter of shell specifications were 
placed in the hands of the Engineering Standards 
Committee there would be much less trouble than 
there was now. Thestatements he had made would 
have to pass before the censor and if they were 
censored the interests of the nation would not be 
served. 

On the motion of the Chairman, Dr. Stead was 
awarded a hearty vote of thanks for his contribution. 


(To be continued.) 





NOTES. 
Tue Iron anv Sree INstrrure. 

With reference to the scheme for the proposed 
reorganisation of the Iron and Steel Institute 
outlined at the meeting of Thursday, September 21 
(see page 289 ante), a scheme which Sir Robert 
Hadfield recently submitted to the Council at 
various meetings, Sir Robert writes that it is very 
desirable that the Institute should provide every 
possible facility for expansion both on the scientific 
and on the technical side, in view of the importance 
of the future development of the science of 
metallurgy and the probabe large forthcoming 
increase in the manufacture of iron and steel 
in this country. In one of the recent council 
meetings of the Institute Sir Robert stated 
that another reason for considering the scheme 
was the fact that the various institutes repre- 
senting our American competitors were now com- 
mencing to reap the benefits of their wise policy 
of having the whole of the work they undertake 
concentrated in one building, one library and one 
club ;: in other words, America had now one common 
centre for its Technical Institutes, with all its con- 
sequent advantages to the metallurgist and mining, 
mechanical, electrical and civil engineer, including 
saving of time, better organisation and better work. 
In view of the desirability of taking the necessary 
steps to meet the more intense competition likely 
to.come from America in the near future, it was all 
the more important that this subject, added Sir 
Robert, should receive full and serious consideration 
by the Council. His reason for setting forth these 
suggestions was that whilst there was no wish to 
propose that local effort in any part of the Empire 
be interfered with, it was nevertheless high time 
that we should try to weld together the technical 
members of the British Empire on lines similar 
to those adopted by our American confréres, who 
had set us an admirable example of how to bring 
together some 26,000 different members having the 
same aims and ideas in one centre. Owing to the 
fact that certain technical institutes in this country 
have their own buildings, if it was objected that these 
could not be changed, Sir Robert pointed out that 
at any rate such a scheme might be considered as 
regards the Iron and Steel Institute, the Institute 
of Mining and Metallurgy, the Institute of Metals, 
the Institute of Mining Engineers, and some others. 
The different points in connection with the scheme 
were considered by the Council, hence the recom- 
mendations referred to on page 289 ante. It was also 
recommended that the Iron and Steel Institute 
should lead the way towards a closer relationship 
between itself and several strong local institutes, 
namely, the Staffordshire Iron and Steel Institute, 
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the Cleveland Institution of Engineers, the Sheffield 
Society of Engineers and Metallurgists and the West 
of Scotland Iron and Steel Institute, whose objects 
all coincided with those of the Iron and Steel 
Institute. In sending us the above information, 
Sir Robert included an interesting table showing 
the various British and American societies and 
giving the number of committeesineach. The table 
indicates that the American Institute of Mechanical 
Engineers have no less than 57 committees and 
special committees, followed by the American 
Institute of Mining Engineers with 46. We fully 
approve the recommendations put forward by the 
Council of the Iron and Steel Institute and feel 
confident that they are of a nature, if followed 
up, greatly to benefit the British iron and steel 
industry in all its branches. 


InpDIAN FORESTS. 


The Kulu division of Indian forests is one of the 
most important, as it contains the largest area of 
deodar-producing country under the control of the 
Anglo-Indian Government. The deodar is by far 
the most valuable tree which grows on the hills, as 
it provides a large part of the sleepers laid on 
Indian railways. It occurs throughout the north- 
west Himalayas, but most of the deodar forests are 
in native States. Some of the State forests are leased 
to the British Government, such as those of Bashahr 
State and Tehriljarhwal; but most of them are 
entirely under the control of the States to which 
they belong, as, for instance, those of Kashmir and 
Chamba, The Kulu Valley consists of the upper 
reaches of the Beas; but in addition to Kulu 
proper the division contains a large tract of country 
known as Suraj, which extends from the Beas to 
the banks of the Sutlej. It is an enormous tract of 
country, of which, speaking generally, only the 
lower valleys and warmer slopes are cultivated, 
while the upper slopes and many of the side nullahs 
are wholly forests. On the lower elevations, up to 
5,000 ft., these consist of the Chil pine, above 
which comes the deodar, in places mixed with the 
kail or blue pine, which also occurs as pure forest. 
On the higher elevations and colder aspects the 
crop changes to fir, either the Himalayan spruce or 
the silver fir. The Kulu division is interesting as 
it is the first place in India where any attempt has 
been made to manage the deodar forests owned by 
the Indian Government -under a regular system 
such as is practised in Europe. This system is at 
present in an experimental stage ; but under a new 
working plan it will be introduced as the principal 
method of working the forests in the division. Trees 
cut down are not re-planted, it being the aim of the 
forester to make his fellings in such a way that 
trees left on the ground will themselves sow up and 
re-stock the area felled over. The Kulu forests at 
present yield a net revenue of 10,0001. a year, and 
when the new system has been developed for a 
number of years and the crop which is at present 
coming up reaches maturity, it is estimated that 
deodar forests will give an annual return of upwards 
of 60,0007. But the deodar forms only a compara- 
tively small portion of the Kulu forests. There are 
thousands of acres of fir forest, at present untouched, 
which will be gradually brought under systematic 
working. The fir is not a valuable tree at present, 
the market price of a matured tree being only about 
7s., but it is highly probable that in the next few 
years means will be introduced for creosoting fir 
timber so that it may be rendered suitable for 
railway sleepers. When this object has been attained 
the value of the fir will greatly increase. 


Water-HAamMeEr. 


Last winter* we noticed the researches by Mr. 
Charles Camichel on water-hammer. In a further 
communication, presented to the Paris Académie 
on August 7, he points out that it is important to 
know whether hydraulic conduits are or are not 
free of air pockets, and he shows how this can be 
ascertained. He ‘had * demonstrated that the 
velocity a of the propagation of a wave in the 
conduit can be determined by rapidly opening a 
valve at the end of the pipe and thus suddenly 
reducing the pressure there. When the value 
found for a agrees with the formula of Allievi, the 





* See Encryezrine, February 11, page 141. 





pipe will be free of air. In the graphs of Camichel 
Lis the length of the conduit, yo the static pressure 
at the lower end, ¢ the velocity of the water, y, the 
pressure at the extremity of the conduit at the 
moment 0 of maximum depression, and yp, y;, &c., 
are the corresponding pressures at the moments 2I/a, 
2 x 2i/a, 3 x 2ija, &.; then y, = yo— ae/g; 
Yo = Yot 2ae/g, ys = Yo— 2ae/g, &. The de- 
pression wave thus returns to the lower end with 
doubled magnitude and changed sign. From the 
fact that the wave is reflected with changed sign 
by an air pocket, the position of the pocket can 
also be determined, somewhat as Joukovsky had 
previously indicated. The state of a conduit can 
further be tested by completely closing the pipe for 
periods shorter than 2l/a. The water-hammer 
provoked by instantaneous closing is, moreover, 
transmitted at full magnitude all along the pipe, 
whilst in the presence at the lower extremity of an 
air pocket—sufficient in volume to render the com- 
pressibility of the water and the dilatation of the 
pipe negligible —the water-hammer will show a 
linear distribution along the pipe. An example 
will make this statement clearer. An iron pipe, 
105.27 m. in length, 80 mm. diameter, 5 mm. 
uniform wall thickness, was provided with two 
pressure gauges, the one, A, being placed at one-third 
the length from the lower extremity, the other, B, 
at this extremity ; the water pressure at A was 13.5 m., 
that at B 16.0m. By suddenly closing the pipe 
a water-hammer was produced, and B registered a 
pressure of 21.6 m. and A a pressure of 21.5 m., 
nearly the same high value. Inasecond experiment 
the same pipe had at its lower extremity an air 
pocket of 6,600 cub. cm. volume ; sudden closing 
then set up a water-hammer which had very different 
values at different points, the two gauges recording 
at different moments the following pressures, 
measured in metres :— 


B eee + 3.18 — 2.33 + 2.65 
A eee + 1.06 — 0.73 + 0.93 
Ratio 3.0 3.18 2.86 


One must remember that instantaneous closing of a 
pipe free of air (experiment 1) sets up extremely 
dangerous pressures in the pipe above the valve, 
whilst the pressure surgings are weak when an air 
pocket is provided at the lower extremity (experi- 
ment 2). For this reason the resonance experiments 
made with the aid of a valve turned by a motor 
(described in a previous Note) for the purpose 
of investigating the wave periods should not be 
attempted, except in the laboratory. 





Fires AND Bivr-Giass Winpows.—As the fly danger 
is so much discussed now, we may refer to a suggestion 
thrown out by Messrs. C, Galaine and C. Houlbert in the 
Comptes Rendus of July 31,1916. Galaine and Houlbert 
experimented in a room provided with windows turning 
about horizontal axes. When the windows were open 
the flies flew into the sunlit room; the windows were 
then closed, and the flies became restless, but quieted 
down soon. On re-opening the windows the flies escaped. 
That was so with blue re | violet and also red glass, less 
so with green windows; in a room with white, yellow 
or orange windows, the flies seemed to be at ease. ° When 
the blue windows were placed obliquely, so that the light 
inside would look blue from the outside, hardly any flies 
entered. The conclusion drawn is that only white, 
yellow and orange rays are light to the fly, the other 
colours being dark to them. If, therefore, rooms, 
especially in hospitals, sweet-shops, &c., were provided 
with louvres of light blue glass or with coloured bead 
blinds, the light could enter, but the flies would keep out 
and try to escape again if they had come in. 





Miytnc Macuinery.—The exports of mining 
machinery from the United Kingdom have not been 
badly maintained this year, there having been a con- 


‘siderable colonial demand. The value of the exports 


to South America to July 31 this year was 13,4471., 
as compared with 10,189/. and 29,064/. in the corres- 
ponding periods of 1915 and 1914 respectively. The 
colonial demand attained the following importance in the 
first seven months of the last three years :— 


Colonial Group. 1916. 1915. 1914, 

£ & £ 
South Africa 172,600 147,583 176,134 
British India 45,289 31,927 50,246 
Australia ... 13,963 16,520 29,698 
New Zealand 10,028 5,289 8,082 


The deliveries made to Australia and New Zealand have 
left something to be desired this year; but it will be 
observed that the shipments to Africa and India have been 
fairly satisfactory. The original principal gold-mining 
district in the Transvaal has now m exhausted to a 
large extent; but the outlook further eastward is 
considered favourable, and this explains the considerable 
purchases made dpon South African account. 





ROADS AND PAVING. 
To THe Eprror or ENGINEERING. 

Srr,—I have read, with very strong appreciation, 
your extended review of my report on “Street Paving 
and Maintenance in European Cities,” which appeared in 
your issues of July 14 and 21, es 32 and 51. 

In a study, such as I made, during a period of only 
3} months, and which required in that time over 6,000 
miles of travel in the countries of Europe, it is inevitable 
that there should be omissions and, possibly, superficial 
observations. The collection of the data which I used 
occupied a subsequent year of correspondence with the 
various authorities interested and, consequently, is more 
comprehensive and exact. 

Your résumé of my observations and conclusions is, 
in general, so complete and fair as to leave little room 
for comment on my part, but I desire to correct one 
impression which you have, apparently, gathered, 
possibly because my comments, principally directed 
toward the answering of specific criticisms which had 
been made of New York practice, devoted more attention 
to a comparison between New York and English cities 
than to rs on the Continent. A fuller knowledge of 
the conditions prevalent here, and perhaps a more 
careful reading of my report, would not give. the 
impression, which I certainly did not mean to convey, 
that I think London pavements inferior to those of New 
York. My statement that ‘“‘ No granite-paved streets 
(in London) are equal to the best in Manhattan,” must 
be taken in connection with the additional fact shown 
in my annual reports of our own work, that our best is 
relatively very limited ; most of the latter constructed 
under my direction are, in my opinion, superior to the 
granite streets in London, with the exceptions I noted. 
But, on the other hand, I saw nothing in London as poor 
as New York’s worst, of which, unfortunately, there still 
remains agreat mileage. Specific criticisms had been made 
of my streets by comparison with those of Liverpool 
and London, and hence my observations and deductions 
in reference to those cities dwelt more in detail on some 
of their shortcomings in order to refute the arguments 
which had been cited against our work; but you 
appear to have failed to note my further statement that 
nowhere in the world have I seen’ streets the equal of 
London’s wood. pavements. 

It is for this reason that I selected a view of Whitehall 
for my frontispiece. While noting, with great admira- 
tion, the very fine street surfaces in the newer portion of 
Berlin, I also called attention.to the very light traffic 
conditions as compared with London and Paris. 

The paving engineer in our country is hampered by 
public and political criticism to an extent not encountered, 
nor perhaps appreciated, by his colleague in the cities of 
the old world, and the amateur critic who has enjoyed « 
little foreign travel and superficial experience with 
foreign conditions is most annoyingly in evidence. 

A subsequent extended investigation of pavements in 
the cities of the United States, made since my visit to 
those of Europe, has confirmed my belief that we, in this 
country, have little to learn about any ways in which 
we can produce pavements superior to our best, but that 
we have much room for improvement in the extension of 
our best type of construction over the large majority of 
streets in our country, which make our average quality 
fall below yours, and, particularly, we must improve 
in the attention to detail and the careful and continuous 
maintenance in good condition which appeared to me to 
be characteristic of a majority of the great. cities of 
Europe. 

As a result of this investigation, various improvements 
were introduced in New York, such as the introduction 
of a better type and the more frequent placing of storm- 
water inlets, the lengthening of the radius of corner 
turns at street intersections, and a reduction of curb 
heights, in all of which respects I found London streets 
much superior to ours. 

I also introduced the method of filling joints in stone 
block paved streets, which I found practised in Liverpool, 
of employing a mixture of sand and tar, and, on the wood 

avements, changed some details of construction to con- 
ion more closely to the English method. 

Differences in- local conditions in the production of 
stone block, the different type of wood available for wood 
pavements and the great variations existing between the 
classes of material available here and in Europe for the 
construction of asphalt surfaces, render inevitable 
many strong contrasts between the best practices on 
opposite sides of the ocean. ‘ 

n all these ts such an investigation can merely 
point out the differences, without demonstrating more 
than that each appears to be superior for its own locality. 
But if my study should have led to any increased 
attention to matters frequently neglected in our design 
and to a more careful attention to maintaining our 
streets’ in. their: original good condition, it will have 
served some purpose. 

Very truly yours, 
Henry Wettes DurHamM. 

Hackensack, N.J., September 6, 1916. 





German ComMERcIAL MerHops IN THE Far East.— 
United States Customs officials, says The London and 
China Telegraph, have discovered an example of German 
“ingenuity,” by which German manufacturers of dye- 
stuffs sought to push their wares in China and other parts 
of the Far East before the war. A package of colours 
bought by an American speculator in China was received 
in New York for appraisal. It bore the name of one of 
the largest German makers of dyes. When a few of the 
cans were opened, to ascertain the character of the goods, 
the customs officials found that the cover of each of the 
cans contained a secret receptacle, holding a silver six- 


pence. 
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SOME PROPERTIES OF INGOTS.* 
By A. W. and H. Breaacey (Sheffield). 


Crystalline Structure and its Effects.—When steel, or 
any other crystalline substance, is cast into a mould the 
freezing commences from the inner surfaces of the 
mould, supposing the substance is quite fluid to begin 
with. 
and its cross-section a square, then freezing in any plane 
occurs more rapidly at each of the four corners 
elsewhere ; and the crystals lying in and about the 
corners, in consequence of the rapid cooling, are com- 
paratively small ones. Crystals grow also from the 
sides of the mould, but as their growth sideways is 
hindered by the adjacent crystals, and their growth 
forward into the fluid mass is less restrained, they 
become long and narrow in shape. The crystals growing 
from any one side of the ingot mould, presuming the 
interior mass remained fluid, meet crystals growing from 
the adjacent sides, and a boundary to the cooling effect 
of each.side of the mould is visible on a polished and 
etched specimen, or on a fractured surface, as junction 
lines lying diagonally on the square. These remarks are 
illustrated by Fig. 1 (Plate XXVIII), made from a 
section uf a chromium steel ingot. 

In the same way from the bottom of the mould, which 
is assumed to be flat, crystals grow also upwards until 
they meet those crystals growing from’ 'the sides of the 
lower part of the mould. It is easy to realise that 





















































Hic. 7.—Diagram to illustrate freezing of 
ingot in straight-sided mould. 


crystals growing thus from a surface at right angles to 
the rest would meet obliquely on planes which outline 
the form of a four-sided pyramid. In the same way 
the cooling effect of the atmosphere on the free upper 
surface would cause crystals of the same narrow kind 
to _ downwards until they also terminated on the 
surfaces of a four-sided pyramid, assuming, of course, 
that the fluid material froze quickly, and was not dis- 
turbed at the upper end by shrinkage cavities or 
segregation effects. These considerations enable us to 
make a sketch diagram illustrating the ement of 
crystals as seen in any longitudinal section cut axially 
and parallel to a side of the mould (Fig. 2, a); in a cross- 
section cut at right angles to the axis of the ingot, near 
the bottom (Fig. 2, »); and in a similar section cut 
nearer the middle of the ingot (Fig. 2,c) (Plate XXVIII). 


Assuming the mould to be made from cast iron, | 





The diagonal lines in Figs. 1 and 2 are lines of extreme | 


weakness; partly because the 
between crystals growing in different directions to each 
other, and er because they are coincident with the 
intersection of the plane surfaces in the ingot which at 
successive moments were the last to solidify; conse- 
quently the planes are rich in segregates and non- 
metallic impurities (if such, as in steel, can possibly form), 
they are likely to be occupied by elongated gas cavities, 


are lines of contact | 


As we have formed a very high opinion of the use of 
stearine for,this and other similar purposes, it is desirable 
at this stage to refer to the pe A natural prejudice against 
applying to steel ingots deductions wn from the 
behaviour of stearine. To make experiments with steel 
is no doubt the most reliable way of learning about the 
which occur during the casting and solidifying 
of steel ingots ; but it entails a costly plant, and molten 
steel is an expensive material and also dangerous when 
handled by other than experienced persons. There is 
also no method of determining the temperature of molten 
steel with satisfying accuracy, and finally, when ingots 
are made in the predetermined ways the cutting or 
breaking of them is both lengthy and costly. 
With a few pounds of stearine, a pan of water, a beaker, 
a Bunsen burner, a few tin moulds, and considerable 
tience;a great number of observations can be made to 
illustrate, extend, and also, in some t, to correct 
prevailing notions about steel ingots. To increase your 
respect for observations along these lines and cautious 
interpretations thereof we need refer only to the very 
striking operation of ae Oe base pyramid. Those 
engaged in making ingots for the manufacture of ordnance 
are aware that for some years it was usual in many 
works to cut discs from the ends of ingots or billets and 
after polishing to etch them. On many such discs the 
etching revealed a ring of white spots which were really 
ferrite areas segrega about slag globules. The nearer 
the base the disc was cut the larger the ring of white spots, 
which was quite natural on the assumption that the white 
































































































































Fic. 8.—Usual representation of a freezing 
ingot. 


a represented the outline of a section cut through 
the base pyramid. Though the white ring appeared 
frequently during the few years such observations were 
being made, no steel-maker, within our experience, would 
admit that a well-formed cone, such as could be dislodged 
from a stearine ingot (see Fig. 3, Plate XXVIII), could ever 
exist in a steel ingot. Eventually, however, a steel 
ingot weighing about 8 cwt. was cast in such a way that 
it was held fast at each extreme end. When cooled 
under such conditions the ingot naturally cracked across 
the weakest part, and produced the cleanly separated 
cone reproduced in Fig. 4.* 

In a round ingot the crystals growing from the bottom 
of the mould are formed into a cone, and in an octagonal 
ingot they form an eight-sided pyramid. In each case 
the base pyramid is longer or shorter, depending on the 
cooling elect of the bottom in relation to the coolin; 
effect of the sides; but generally the base exerts its ful 
effect, because it remains throughout in direct contact 
with the freezing ingot, whereas the sides of the ingot, 
soon after solidifying, leave the mould and are thereby 
partly insulated from its cooling effect by a gaseous 
envelope. In many cases the pyramid may 4 separated 


| intact from stearine ingots by pressing a knife into the 


and are also in the position where small cavities caused | 
by contraction stresses would form. The influence of | 


segregate plus contraction cavities would account for 
# great deal:of the observed weakness along the diagonal 
planes, and it is not possible, apart from this influence, 
to bane re how — of the observed weakness is due 
only to the crystalline arrangement. 

These general observations can teadily be verified and 


illustrated by means of ingots cast with molten stearine. | 


ingot at right angles to its axis, and splitting layer after 
layer of the crystals until the of and ultimately the 
entire pyramid is disclosed (Fig. 3). It is instructive 
by similar means to take ingots to pieces, as it were, in 
order to observe the effects of segregation and shrinkage 
cavities localised on their interior surface. 

The growth of the elongated crystals originating at the 
surface of an ingot mould depends on circumstances 
which appear to somewhat contradictory, t.e., they 
are favoured sometimes by slow cooling and sometimes 


by rapid cooling. So long as the fluid in the interior 
of the y solidified ingot remains quite liquid, the 
crystals already growing from the sides of ‘the mould 
increase in length as the tem ture of the liquid about 
their extreme ends fall to freesing-poin t. e act of 
freezing liberates heat, which is ei stored up in the 
fluid or dissipated via the solid pat rr through the 


sides of the ingot mould. If the are bad con- 
ductors of heat the cooling is necessarily slow, whatever 
the properties of the ingot mould may be, and the fluid 


in the centre of the ingot remains clear almost to the last 
dre, whilst needle-like crystals extend to the centre. 

ut if the crystals themselves are conductors 
of heat, then the heat liberated as they form, and also 
the heat from the fluid interior, is rapidly dissipated 
through them. In this way the temperature of a large 
volume of fluid may reach its freezing-point in many 
places simultan 'y, before the cryeudy growing from 
the sides can extend to the centre, and thus the interior 
of an —— would consist of crystals which had grown 
from independent centres and were developed in hap- 
hazard ways in all directions. 


Of tallisable substances, therefore, which are 
clearly liquid when cast, those that are very con- 
ductors of heat will form crystals of the same kind from 


the surface inwards if allowed to cool undisturbed. But 
steel, on the other hand, which is a good conductor of 
heat, will form crystals of the same kind from the surface 
to the centre of the ingot only if the cooling takes place 
very quickly or very slowly. In the former case the 


crystals grow into the clear liquid and extend themselves 
rapidly as its temperature falls to freezing-point; the 

t i apes those seen in Fig. 1 
(Plate XXVIII). In latter case, however, the cooling 
is so slow that, yee er its thermal conductivity, the 
temperature of the fluid mass practically uniform 
throughout, and then a crystal is as likely to start 


growing in one place as in another, the result being 
i equiaxial crystals like those 


). 

paragraphs are 
uestion of casting tem - 
later. But meanwhile it 
crystals occur most 
moulds of narrow section, 
in steel cast in dry sand 
Obviously there exists a great number of 
instances where Fign — of a hes the ore 
ingot, as seen in Fig. 6, ex r crystals being needle- 

shaped and the interior equiaxial. 

Shrinkage and Contraction Cavities.—If we imagine an 
ingot mould filled with fluid material that could be 
cooled with perfect uniformity down to its freezing- 
point, we should find that the level of the fluid would 

ually sink as the fluid cooled and If at 
thig point the fluid were to solidify instantaneously 
without change of volume we should have a solid ingot. 
But neither stearine nor steel behave in this manner, 
and cavities due both to shrinkage of the fluid and 
contraction of the solid materials exert a great influence 
on the economic production of ingots, and have to bo 
reckoned with. 

An ingot just cast consists of a thin layer of solid 
metal with a fluid interior whose 


assume, is practically the temperature. The 
outside length of the ingot has been fixed by the thin 
solid env extending downwards from the i 


level of the molten metal in the mould. After a fitsle 
while the solid envelope has thickened, say, by a milli- 
metre, but before that occurs the fluid metal has cooled, 
and owing to shrinkage does not now stand at the same 
level. is has been in Fig. 7, annexed, by 
a step down between the and second mm. in thickness 
of the freezing envelope. This process may be thought 
of as repeating itself in successive and distinct stages 
as long as any fluid remains in the interior of the ingot, 
and as a result the central cavity or ipe would be as 
represented in Fig. 7. As a matter As act Fig. 7 does 
represent the general outline of all central ‘Pipes in ingots 
cast in moulds having parallel sides. It differs from an 
actual pipe only because the thickening of the solid 
envelope is a continuous process and not an intermittent 
one; and also because the contraction of the solid 
envelope and the cooling effect of the atmosphere on the 
upper surface of the ingot must also be taken into 
account. 

That the freezing of an ingot takes place by a con- 
tinuous thickening of the solid envelope in planes parallel 
to the cooling surfaces of the solid is not unanimously 
admitted. The illustration given in Fig. 8 has been 
reproduced and approved as a representation of the 
freezing of steel ingots. It is, however, so far as the 
author's observations go, a misleading representation of 
steel ingots and an inaccurate representation of the 
freezing of any crystalline subst » metallic or other- 
wise. 

If a series of stearine ingots are cast simultaneously 
from, say, 65 deg. C. in square moulds, in all respects 
identical and widely spaced apart so that each cools 
freely, then on piercing the top and inverting one of them 
after 15 minutes and a further one after each additional 
15 minutes, we are left with a series of shells of gradually 
increasing thickness, but in each case the shape of the 
presi 4 out of which the fluid wax was emptied corre- 
sponds to that made by the inner walls of the mould. 

hicsdingy fact oon demonstrated in a more elegant 
manner by gradually planing down a single ingot 
parallel to one of its faces. After a few strokes with the 
plane the sectioned surface exhibits an enve lying 
around it. The thickness 





of the envelope increases 
as the planing proceeds, just as it did when the ingot 
was freezing, but it remains quite symmetrical in all 





* Paper read before the Iron and Steel Institute, 
September 21, 1916. 


* This ex 
Thomas Firt 


riment was made at the works of Messrs. 
and Sons, Limited. 





parts, as may be seen from the series of pho 
reproduced in Fig. 9 (overleaf). Also it thickens parallel 
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to the cooling surfaces and forms where the bottom and 
sides intersect a sharp corner, and not the conventional 
curve seen in Fig. 8. 

That steel aiteees in a precisely similar manner is 
known to those furnacemen who have opportunities now 
and again of seeing ingots broken up that have been 
upset or otherwise identally and completely bled. 
By way of illustr&tion some photographs are shown in 
Fig. 10(Plate XXIX. , representing a crucible steel ingot 
that was intentionally inverted, and Fig. 11, which i 
sents one much larger ingot from a series prepa ry 
Talbot.* When freezing takes place in the interior of 
the fluid mass, and not merely by direct thickening of 
the walls, the above conditions do not apply. 

The influence exerted by the size and shape of ingot 
moulds on the position and dimensions of the pipe will be 
discussed later, but it is desirable at this stage to consider 
a feature exhibited by many ingots cast in straight-sided 
moulds as distinct from taper moulds used with either 
the narrow or wide end up. 

When sufficiently removed from the cooling influence 
of the closed bottom and the open top of an ingot mould 
the freezing of any horizontal section of the fluid ingot 
may be regarded as due to loss of heat through the sides 
of the mould. When the mould has the same cross- 
sectional dimensions from top to bottom the crystals 
growing from the sides in any one plane are as likely 
to meet in the centre as soon as those growing in any other 
plane.. Now in both commercial stearine wax and in 





split along its axis by tensional forces acting at right 
angles to its length ; and it is further induced to yield to 
such forces by the fact that the ingot is hotter in the 
centre and weaker also on that account. 

This explanation accounts equally well for axial 
cavities and cracks formed just before or just after 
complete solidification. As, however, the contraction 
of the hot solid material takes place continuously in 
those parts of the ingot already solidified, and does not 
wait until the entire ingot becomes solid, we may expect 
to find contraction cavities which were formed whilst the 
centre of the ingot was still fluid, and in that case they 
would not, of course, be formed at the centre. 

From the moment that a solid envelope is formed 
about the liquid the crystals growing from the sides 
of the mould form planes of weakness where they meet 
each other obliquely, and it is along these planes that 
contraction cavities are located. They are easily seen 
when a stearine ingot, cast under favourable conditions, 
is split diagonally along its length, and may be repro- 
duced photographically, as in Fig. 12, after planing an 
| ingot down until a diagonal section is expd These 
| cavities all converge to the centre of the ingot, and 
| appear to depend on and originate from an axial cavity. 

hat they are not developed in that order, but begin to 
form whilst the centre of the ingot is quite fluid, could be 
shown by bleeding partly broken ingots and bisecting 
the solidified shell diagonally. 

There are several reasons why contraction cavities 








scattered distribution of the former compared with the 
occurrence in a of the latter. 

Radial cracks may occur in steel ingots which do not 
exhibit elongated crystals on a fractured surface. When 
a disc cut from a large steel ingot weighing, say, 40 or 
60 tons, or from a circular billet which has been forged 
from such an ingot, is polished and etched with a very 
dilute solution of nitric acid in alcohol, the inter- 
crystalline cracks are located by the evolution from them 
of small gaseous bubbles. That the gaseous bubbles 
may escape more easily it is advisable to arrange the disc 
with the polished face in a vertical position and wash it 
over by means of a broad camel-hair brush with the 
etching fluid ; small strings of bubbles then run with the 
solution down the face of the disc from one or two or 
maybe a score or more cracks. The objectionable 
features of contraction cracks are emphasised by segre- 
gation or slag occlusions, and these, as well as the amount 
of hot work done in the forging, determine whether or not 
the crack will weld up. Fig. 16 (Plate XXIX) represents 
the kind of radial crack we are speaking of as it existed 
in a 30-in. billet. The light-coloured spot is a transverse 
section of a miniature ghost, and when these occur in 
groups the cracks will generally pass from one to the 
other (see Fig. 17), as the small slag globules or streaks 
of slag, around which the ghost forms, have already 
broken the continuity of the metal. 

If the material in which the cracks appear is not weld- 
able, then it is also not forgeable, and will crumble under 





steel a plane of the material may be all but rigid, quite 
too rigid at the centre to flow downwards, but requiring 
still to contract over its entire area. The material next 
the ingot mould is coldest and most rigid, and if the 
unavoidable contraction cannot pull the flat outer 
surfaces inwards, the assumed plane must split at the 
centre, where the material, all but set, offers little 
resistance. The result is a emall central cavity with no 
material above it fluid enough to flow downwards, and 
the net effect in an ingot of this kind is a number of 
cavities roughly spherical in shape, lying in the axis of the 
ingot. For shrinkage or contraction cavities of this 
kind an increased length or breadth of feeder head is a 
doubtful remedy, as in actual practice such cavities 
occur always in small crucible ingots cast into straight- 
sided moulds and fed by means ofa hot dozzle. 

To these two kinds of cavities, viz., the pipe proper 
and a continuation of the pipe that exhibits itself as a 
kind of axial sponginess, which, when elongated, may 
be regarded as a secondary pipe, we must add also 
cavities, axial or otherwise, arising from the contraction 
of the hot solid ingot. Such cavities may occur in 
ingots independent of their shape, and should perhaps 
be descri as contraction rather than shrinkage cavities. 

An ingot which has quite set and is still hot contracts 
in volume on cooling, but as the outer surface of the 
ingot is hard, and will not yield much, the stress of 
contraction will be satisfied, wholly or partly, by the 
formation of internal cracks or cavities in those positions 
where the resistance is least. In a solid ingot there are 
certain planes of weakness, due to the arrangement of 
crystals, which converge from the corners of the mould 
towards the axis of the ingot. An ingot is therefore easily 

* Journal of the Iron and Steel Institute, 1913, No. I, 
page 30. 


b ¢ 
Fic. 9.—To illustrate symmetrical freezing of ingots. 


should lie along these planes, extending from the corners 
to the centre of a square ingot. In the first place the 
planes are formed by the intersection of surfaces of the 
ingot which at successive moments were the last to 
solidify ; and about the angle thus formed the con- 
traction stresses are localised, with the consequent 
danger so often exhibited in the hardening of steel tools 
cut with sharp corners, as keyways, &c. Then any 
absorbed gases liberated at the moment of setting and 
impurities likely to segregate are also to be found in 
abnormal amounts along these planes. It needs, therefore, 
nothing but a favourable concourse of circumstances to 
produce large cavities or even extended cracks; and in 
average cases it needs very little force in addition to the 
ordinary contraction stresses to cause rupture. (See 
Fig. 13, Plate XXIX). 

But in addition to cavities that are obvious to the 
naked eye it is not unusual in steel ingots to find cracks 
running between the crystals at right angles to the 
surfaces of the ingot mould. These cracks are dis- 
coverable by direct microscopic observation as in Fig. 14, 
Plate XXIX), which is an enlargement of part of Fig. 1; 
or indirectly by making use of corrosion effects. 

Cracks may be revealed in large numbers by immersing 
a disc of steel in a 10 per cent. solution of hydrochloric 
acid. The acid attacks the metal most vigorously along 
the edges of any existing cracks, and eventually the crack 
widens into a visible cavity. This effect is shown in 
Fig. 15, which represents a disc cut from a 4-in. square 
ingot ; it will be noted that the length of the cavities lie in 
the same direction as the length of the crystals between 
which they occur. Cavities of a similar kind which 
originate from segregated areas may also be developed 
by extended pickling ; but there are decisive means of 
distinguishing one kind from the other, and confusion 
‘is not likely to arise if careful observation be made of the 


the hammer. This explains why some alloy steel ingots 
may not be forged, whereas others of the same composi- 
tion, but melted and cast under different conditions, 
forge fairly well. The number and magnitude of the 
cracks would obviously be increased if the steel had 
air-hardening properties. 

Casting Temperatures.—When a crucible steel ingot 
breaks with a needle-like fracture (Fig. 2, c) it is said 
to be ‘‘ scorched,”’ and scorching is said to be due to the 
molten steel having ‘* had too much fire.”’” A furnaceman 
does not generally commit himself by saying whether the 
steel has been for too long a time in the furnace or at too 
high a temperature. He may not know ;* but he does 
know a scorched ingot can be broken across with remark- 
able ease, and that he will very likely get into trouble 
if he makes many such ingots. 

Scorched ingots are objectionable only on account of 
their fragility, due to arrangement of the crystals in 
definite directions, and the extended contraction cavities 
which may arise. This is, of course, a serious objection, 
because unless the scorched ingot, after reheating, is very 
carefully, and, to begin with, very gently forged the 
weakness between the well-developed crystals will cause 
cracks to form at the corners of the forged bar. But apart 
from obvious defects like this, the quality of the steel 
is neither better nor worse for having shown the scorched 
appearance in the ingot. 

he characteristic appearances of both the inside and 
outside of “‘ cold-cast ” ingots are understandable after 
seeing a stearine ingot cast into a glass mould. First 
as to the outside. As the wax, per assumption, has 


* Text-books say: “ If kept too long in the furnace the 
steel will teem dead and the fracture of the ingot will 
have what is known as a ‘scorched look.’”’’ This is 
misleading. 
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already reached its freezing temperature it solidifies The internal structure of a “ cold-cast ’’ ingot is unlike | 
immediately on contact with the bottom and sides of the | that of a hot-cast ingot, because in the former case the 
mould. It freezes also over the free upper surface into | centres of crystallisation are dispersed throughout the | 
a crust of crystals, and as more fluid wax is added the | entire ingot instead of being confined to the inner surfaces | 
liquid level and solid crust rise together, the latter | of the mould or the solid metal envelope already formed 
generally increasing in’thickness. But the crystal crust | from it. The crystals therefore do not grow in planes | 
has solidified into a piece with the sides of the ingot, | but in all directions, and form spherical clusters floating | 
and as the fluid wax rises it pushes the crust upwards | in the fluid like seed-pods of a dandelion floating in still | 
most effectively where it is least restricted, i.e., in the| air. The clusters of solid crystals are heavier than the | 
centre. The crust, therefore, becomes increasingly fluid steel and tend to sink to the bottom of the mould. 
convex until, broken by upward pressure of the fluid wax,| We have said that an ingot freezes by a gradual and 




















Fic. 17.—Easy passage of radial crack between slag occlusions. 
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Fic. 20.—Crystals deposited from partly-solidified ingot on base and sides. 


a new surface is formed. In the act of forming a new| uniform thickening of its solid walls in planes approxi- 
surface the fluid wax strikes the glass mould and is/ mately parallel to the inner surfaces of de ingot mould 
frozen before it can fill up the lowest part of the con. | (see Fig. 9). But this statement applies only when the 
vexity, and hence the surface of the stripped ingot is a| conditions are such that the interior fluid is a perfect 
series of rings where it has been in contact with the | liquid. If free crystals form in the liquid independent 
ne cena and a series of depressions lying alternately | of the cooling effect of the mould they will rise, as in 
etween them where it has not been in contact with the antimony-lead alloys (see Fig. 19, above), if they are 
= (Fig. 18, above.) : lighter, or sink, as in stearine and steel, if they are heavier 
, + of broken crystalline crust are washed into the | than the mother liquid. In the latter case the base of the 
Bas | material, and form independent centres of crystal- | ingot will be thicker, at any moment during solidification, 
isation in both stearine and steel. But in steel they | than can be accounted for by direct cooling effects in 
may also form blowholes, due to a gas liberation promoted | those positions. 

by their oxidised surfaces, and also irregular lines of The presence of separated crystals in stearine ingots 
weakness which may not weld up completely in the | can be demonstrated in two or three ways. One way 
} consists of emptying out the fluid portion either by 





subsequent forging. 


inverting the ingot or by ing the 
base of the ingot. By the first P the 
crystal groups are disturbed, and by the last-named 
procedure some of the fluid solidifies in passing through 
the thick cooler base of the ingot. But in either case 
the information sought can be easily interpreted apart 
from these interferences, as may be pe ay reference 
to Fig. 20 (below), which represents wax ingots cast 
from 55 deg. C. and bled through the top end after 
varying lengths of time. 

The formation of free crystals in the fluid material 
adds considerably to the mechanical strength of an ingot 
by interfering with the growth of elongated crystals at 
right angles to the sides of the ingot mould, ée., by 
suppressing the scorched appearance. This is apparent 


a hot rod through 








Fic. 18.—Appearance of surface of ‘cold cast” ingot. Fig, 19.—Antimony crystals floated to surface of partly 


solidified alloy. 


in stearine ingots on attempting to split them diagonally, 
and particularly in attempting to remove the base 
pyramid as already described. It is apparent also in 
small steel ingots by the greater effort uired to to 
them. In large steel ingots the Sehnational free crysta 
is also made apparent by the very marked difference in 
carbon content between the top and bottom of the ingot— 
in fact it is impossible to cast a very large ingot of, say, 
40 tons or over from the same ladle and maintain, apart 
from localised segregation, a uniform amount of carbon 
throughout its length. The steelmaker has therefore to 
compromise between two evils, i.e., he may either cast 
hot and emphasise local segregations, shrinkage cavities, 
and contraction cracks, or cast cold and widen the 
difference in composition between the top and bottom of 
the ingot. The crystals first formed in fivid steel contain, 
of course, less carbon than the remaining mother liquor, 
and this explains why the settling of the orgueals to 
the bottom of the ingot widens the variation in com- 
position. 

To express in definite figures the influence of varied 
casting temperature on the mechanical] properties of steel 
would involve an enormous amount of labour and require 
great experimental skill. It would, for example, not 
suffice to machine test-pieces out of an ingot, because 
the defects to be looked for would sometimes be in the 
test piece and at other times not; and even if it were 
practicable to machine always a test-piece containing 
a typical defect it would be quite impossible to arrange 
for the defect to occupy the same relative position in 
every test-piece, and therefore the tensile properties of 
the test-pieces would vary amongst themselves without 
indicating any corresponding variation in the ingots 
from which they had been prepared. 

The least objectionable form of test-piece is the ingot 
itself. But as commercial ingots are not amenable to 
the requirements of testing methods and machines, and 
as, further, there is no handy means whereby the casting 
temperature of steel can be accurately measured, we 
are obliged to content ourselves with general statements 
to the effect that the casting temperature of steel may be 
too high or too low to produce the best results. When 
it is remembered that the correct, i.e., the best casting 
temperature differs from one material to another, and for 
the same material according to the weight and dimensions 
of the ingots, to say nothing of foundry castings, there 
appears to be ample room for the exercise of the art as 
distinguished from the science of steelmaking. 

But in making wax ingots the variable conditions are 
controllable with that degree of accuracy which yields 
confirmatory results from duplicated tests, and as the 
behaviour of stearine wax in so many respects is com- 
arable to the behaviour of steel, it may be possible by 
its aid to confirm the general statements alluded to in 
the preceding paragraph, and also, by analogies carefully 
drawn, to add something to it. 

Apparently the least troublesome way of casting a 
series of ingots from varying temperatures is to melt a 
large beakerful of stearine and cast one ingot after 
another as its temperature falls. But the application of 
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this method leads to very erratic results, because, in 
passing over the colder lip of the beaker, the wax solidifies 
and, in the worst cases, small mend of solid wax are 
carried forward into the ingot. are comparatively 
harmless when the temperature of the cast ingot is 
sufficiently high to remelt them, but otherwise they cause 
what should a scorched ingot to appear granular or 
finely crystalline on its fractured surface. 

To avoid this irregularity use may be made of glass 
tubes, 7 in. long by } in. in diameter, which have at each 
end a well-fitting perforated cork. Pieces. of thin glass 
tubing fit into the corks, the one at the lower end being 
drawn out to a fairly fine point, and the one at the upper 
end being provided with a few inches of rubber tubing 
and a spring clip (see Fig. 21). 


The lower drawn-out end of the glass tubing is kept | 


at the temperature fixed for the ingot next to be cast, 


Fic. 21.—Arrangement for casting wax 
test ingots. 


so that when immersed in the fluid wax the opening is 
not sto up. The molten wax is drawn upwards 
by suction on the rubber tube until the mould is nearly 
full. The pinch-cock is then closed; the end of the 
lower projection is dipped into cold water to solidify 
the wax and so close the opening; the upper cork, 
together with the rubber tubmg and pinch-cock, are 
removed, and the mould is allowed to stand quietly in a 
vertical position until it becomes quite cold. Series of 
ingots are made successively in this way as the tempera- 
ture of the melted wax sinks ; and it is easy to arrange 
for the temperature to fall at the rate of, say, 1 deg. C. 


in 15 minutes, thus permitting duplicate or triplicate} 


_ to be made at each chosen temperature. 
he simple piece of apparatus shown in Fig. 22 may 


ir 

be used to test the strength of the ingots made as des- 
eribed. The ingots rest on supports 4 in. apart, and 
midway between the supports the pan is hung into which 


mercury is allowed to flow from a graduated burette, 
or into which small leaden shot is poured until the ingot 
breaks. The burette is then read off or the weight of 
shot used is noted in order to arrive at the breaking load 
in grammes. As the results are merely comparative 
the net breaking loads on the }-in. civodn ingots used 
ee in the tables below and plotted as a curve 
in Fig. 23. 





3 
Casting Breaking Load in Grammes. 


Temperature. 
Degrees C. 5. | Average. 


1,618 
1,671 
1,551 
1,220 
1,292 
1,048 
1,224 

982 
1,459 
2,783 
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The most noticeable 


respectively at 56 deg. and 54 deg. C., the latter being 
almost twice as strong, and this is confirmed by the 


; b feature in this series of results | 
is the great increase in strength between those ingots cast cannot be 


ap ce of the fractures, which show a marked 
difference within this short of casting temperature. 
The ingots cast at 54 deg. C. have a granular or finely 
crystalline structure, whilst those cast at 56 deg. C. and 
over show scorch. This observation is quite in line with 
the behaviour of small steel ingots, both as regards 
a ce of fractured surfaces and mechanical strength. 
The increase in strength when the casting temperature 
reaches 65 deg. C. is also notable and not iall 
| difficult to understand. It is to be expected that, all 
| other conditions being equal, a rise in the casting 
| Senmemeenee alone would cause the ingots to become 





ually weaker,’ but a rise in casting temperature 
| disturbs the other conditions, and more especially the 
| rate of cooling, so that an ingot cast with wax at 58 deg. C. 
into a thin mould, might at once have a solid envelo 
| formed around it by the cooling action of the mould ; 


Fic, 22.—Arrangement for testing strength of 
wax ingots. 
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Fic. 23.—To illustrate influence of casting 
temperature on strength, 


whereas when cast from a higher temperature the heat 
lost in cooling the mould might depress the temperature 
of the fluid wax to 58 deg. C. without causing a solid 
envelope to form around it. The rate of cooling in the 
two cases would then vary, and the latter would be more 
or less disposed to form the stronger equiaxial crystals, 
depending on the thermal! conductivity, specific heat and 
mass of the ingot mould, and on the relative thermal 
conductivity of the fluid and solid ingot material. It is 
therefore likely that at some temperature well above 
the freezing temperature a wax ingot or a steel casti 
would become stronger, but the rise in strength would not 
occur at the same temperature, of course, except under 
identical experimental conditions. 


(To be continued.) 





Coat IN Icetanp.—A Danish-Icelandish syndicate 
has been formed for the exploitation of coal in Iceland, 
and judging from a report which has been published, 

| prospects appear satisfactory. The site has been 
penetrated to a depth of 32 m. (105 ft.). A Swedish 
ie connected with the research work states that 
the coal is as good as British steam coal, and the deposits 
are expected to extend over an area of some 40 sq. miles. 
scientists, however, maintain that coal proper 
found in Iceland, and that the formation must 
| be a lignite formation. A couple of hundred tons have 
s0 far been broken. 





CATALOGUES. 

Fans and Blowers, Dust-Collécting Plant, Crushing 
ae é&c.—In order to show the wide range of 
their products the Sturtevant Engineering Com 3 
Limited, of 147, Queen Victoria-street, E.C., have ed 
a pamphlet illustrating a few representative examples 
of fans’ and blowers, heating and ventilating plant, . 
drying plant, dust-collecting apparatus, forges, mechani- 

draught installations for boilers, steam engines and 
turbifies, and crushing and grinding -plant for minerals 
and other materials. Further particulars of these 
products are given in separate catalogues and other 
publieations issued by the firm from time to time, 


Gas and Oil Engines.—We have received from the 
Chicago Pneumatic Tool Company, of Fisher Building, 
Chicago, Iil., U.8.A.,\a bulletin relating to the applica- 
tions of their “Giant” gas and fuel oil ines. 
Particulars are given of pumping sets of the centrifugal 
and reciprocating typés, electric generating sets, blowing 
and exhausting plants, hoisting plants, air compressors, 
and other machinery driven by engines ing from 
12 to 160 h.p.  Consolida’ Pneumatic Tool 
Company, Limited, of 9, Bridge-street, Westminster, 
5.W., are agents for the Chicago Company for this 
country and also for Spain and Portugal. 


Traction Engines and Road Rollers.—A catalogue 
section devoted to. traction engines and road rollers 
has come to hand from Messrs. Marshall, Sons, and Co., 
Limited, of Gainsborough. Specifications and full 
particulars are given of traction engines of 5, 6, 7 and 
8 nominal horse-power, and_ of road rollers of 6, 8, 10 
and 12 tons weight, both traction engines and rollers 
being listed in the single-cylinder and compound types. 
The catalogue also d with convertible engines, which 
can be easily arranged for either haulage work or road- 
making, as’ well as with searifying apparatus, road 
wagons, living and sleeping vans, water carts, and other 
accessories... A number of illustrations reproduced from 
photographs showing the engines at work in different 
parts of the world are included in the catalogue. 


Hydraulic Machinery.—Messrs. Fieldi and Platt, 
Limited, of Gloucester, have brought out their hydraulic 
machinery. catalogue. in Russian and French in one 
volume.. This,runs to 225 pages, and practically each 
left-hand is devoted to an illustration, while on the 
catvedgiintions right-hand page the. description appears 
in the. two languages. e firm’s experience of hydraulic 
machinery hes back 60 years, and the volume 
represents the most valuable part of it. It includes 
accumulators, capstans, punching and shearing machines, 
tube-bending machines, elevators, cranes, lifts, intensifiers, 
riveting machines, pumps, presses of all kinds and sizes 
and valves.. The book is thoroughly well got-up and 
appears at a most opportune time for the convenience of 
our allies and for the benefit of our trade. . Incidentally, 
it will assist those who are acquiring a knowledge of 
technical Rugsian. 


Forced-Draught Furnaces.—Messrs. Meldrums, Limited, 
of Timperley, Manchester, have sent’us an attractive 
catalogue relating to, their well-known forced-draught 
furnaces, and illustrating the application of these furnaces 
to Lancashire and Cornish: boilers, water-tube boilers, 
brewers’. coppers, metallurgical’ furnaces,.&c. It is 
mentioned that over 16,000 of these furnaces, representing 
an aggregate, steam production of considerably over 
2,000,000 h,p., have now been fitted. The system is 
fully described, and its advantages pointed out, special 
attention being drawn to the fact that low-grade fuels 
can be burnt effectively, and that the fire is always 
under complete control. The average consumption of 
steam in the jets is given as 3 to 4 per cent. of the steam 
generated. Numerous testimonial letters from users 
are printed in the catalogue, and some examples of other 

ucts of the: firm are also illustrated. Among the 








| latter are included stokers of the sprinkling and coking 


t , refuse destructors, and steam-jet apparatus for 
raising liquids, air compressing and exhausting, and 
many other purposes. 

Saw-Mill Accessories, &c.—Messrs. A. Ransome and 
Co., Limited, of Stanley Works, Newark-on-Trent, have 
sent us @ copy of an illustrated handbook of accessories 
for saw-mills and wood-working machinery. The publica- 
tion, which contains 150 pages bound in paper-covered 

, with cloth back, states prices for band-saws, 
circular saws, frame saws, “drunken’’ saws, &c., and 
also gives particulars of swages, side dressers, setting 
tools, brazing apparatus, and other appliances for keeping 
saws in wotlinn order. Planing and moulding cutters, 
cutter blocks, grinding appliances for knives and cutters, 
mortising and Cocas Tooke tenoning tools, saw and cutter 

and accessories for 


querda, wer transmission, are also 
ealt with. A very valuable 


feature of the publication 


ing | is the inclusion in it of a great number of useful notes on 


the care and treatment of saws, and the methods of 
keeping such articles as hollow-square chisels, mortise 
chains, &c., in condition. @ practical nature of 
these notes will certainly appeal to all users of wood- 
working machinery. A number of notes and tables on 
horse-power transmitted by shafting and belting, electric 
driving, equivalents for converting British and metric 
measures, &c., will also be found useful. The handbook 
is well printed and illustrated and conveniently arranged, 
so that a considerable demand for it is to be anticipated. 





More MANGANESE.—Prospectors drilling for iron 
— in the Crystal Falls, Michigan, recently struck 5 ft. 
of manganese ore running up to 35 per cent. anes 
The deposit is considered small, but additional aeiliing 
is being carried on. . One hole was put down 1,100 ft. 
without meeting with manganese. 








